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Foreword 


I N TiiL second half of the twentieth centuiy, the importance of science and technology 
to every nation docs not need to be aigued It is evident to the most casual obscrvei 
The explosive expansion of scientific knowledge that began in the hist half of the 
century, is a potential source of fundamental impiovement in a nation’s economy, 
capable of bringing to every citizen more food and water, better clothing and shelter, 
greater opportunities foi education and wage-earning and, in general, a healthier, safer 
and more rewarding life But if a nation is to be able to exploit modern science and 
technology, it must have men and women competent to do fundamental scientific re¬ 
search, and men and women capable of tianslating the resulting knowledge into means 
for improvement of the national economy 

What IS true of all nations is true m a special degree of developing societies such 
as India’s If the recognition of one truth in education m the twentieth century is more 
valuable than any other, it is that education is the most potent insLuiment for change 
anywhere India, the developing society pai excellence, is at the stage of pulling heiself 
up by the boot-straps out of the rut of a traditional society, to move into the orbit of 
modernity that is a pre-condition of national suivival Unless she can effect this change 
swiftly and effectively, she cannot survive. 

Improvement in the total standard of science and mathematics is a continuous 
process that demands three integrated steps, and the process begins necessarily at school 
level It moves as follows ■ 

0 Development of a curriculum that includes modem concepts and understandings 
of the subject-fields and a rigorous analytic study of fundamentals 

li) Prepaiation of textbooks based on the new curriculum; teacheis’ guides and 
manuals and other instructional materials, design of experimental kits and 
apparatus. 

in) Training teachers and equipping them with the necessary competence to intio- 
duce the new curriculum into the classroom 

In all progressive countiies, the preparation of textbooks and instructional materials 
has been a cooperative effoit in which univeisity professors and top-flight scientists 
have worked closely with top-flight science teachers. In India, it is distressingly true 
that school and university teachers seem not to have met at the professional level, and that 
the interchange of experience and knowledge between these levels of educational learn¬ 
ing and practice has, therefore, hardly existed The recognition that this gap must be 
bridged may have come to us late, but it has come, and this is a matter for rejoicing 

The National Council of Educational Research and Training, in cooperation with 
university professors and other eminent scientists in the country, has undertaken a 
comprehensive programme to improve science education at all stages of school education. 



The three most important aspects of the programme aie the in-scivice training of science 
teachers on a continuing basis at summer institutes, the development of a new cuiii- 
culum in science and mathematics, and the picparation of standard textbooks The 
present volume of Gencial Science for Yon is the result of the work done by a gioup 
of eminent scientists and educators undei the National Council’s Science Education 
Programme 

As a first step towards the preparation of the book, the National Council set up a panel 
of expcits to hammer out a comprehensive curriculum in general science The mam 
concern of the Panel was how to piesent general science to students as a unified body 
of knowledge that could lead to a surer understanding ol the nature of the physical 
world and life, development of a scientific attitude and application of science to every¬ 
day life To this end, the Panel produced a large volume of materials on chosen topics, 
discussed them at a senes of meetings, modified them and re-wrote them to suit teach¬ 
ing at school level After the work of the Panel was over, to speed up the process of 
bringing out the textbooks, the National Council set up an Editorial Board with 
Di. B. D. Nag Chaudhiiri as Chief Editoi and Dr R C Paul and Dr S Ramaseshan as 
Editors 

This general science textbook, as finalized by the Editorial Board, is for the sake of 
convenience m two volumes The present volume deals mainly with the physical world 
The second volume, that will also be published shortly, will be mainly concerned with 
living things The need to have two volumes of a convenient size has dictated the deci¬ 
sion, that is not based primarily on specialized classification 

Although the modern trend all over the world is to teach science as separate subjects, 
1 e, as physics, chemistry, biology and mathematics, and in depth, there is still a large 
body of educational opinion that is in favour of general science Today, m a number of 
our schools, science is still being taught as general science, and the present position 
will continue till a decisive change is made to teach the subjects separately The text¬ 
book of general science now published by the National Council is designed to meet our 
piesent need, but a separate programme is uiidei way to produce standard textbooks in 
physics, cheinistiy, biology and mathematics as separate subjects 

The National Council is grateful to the General Science Panel and to the Editorial 
Board piesided over by Dr B D Nag Chaudhuii for the collective precision and 
thoroughness with which the textbook has been completed We would welcome comments 
and suggestions fiom scientists, teachers and other educationists, and consider them care¬ 
fully in bringing out a revised edition of the textbook. 


L S Chandrakant 

NEW DELHI Joint DlICCtOI' 

May 1967 National Council of Educational Reseatch and Tiaining 
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Matter and Energy 


1. Crystals 

Nature piovidcs us with many beautiful 
examples of crystals They can be recognized 
by their fascinating geometrical shapes Our 
forefathers considered crystals as beautiful gifts 
of nature and called them sphcitika They have 
eloquently desctibed the beauty of the crystals 
found in nature The ancient Greeks had ob¬ 
served that the crystals of quartz usually occui 
in forms having characteristic shapes bound by 
flat faces The transparency of quartz, the 
Greeks thought, was clue to the freezing of 
water under intense cold Hence they gave it 
the name kmstaUos which means ‘clear ice’ 
Later, the English modification of the word, 
crystal, came to denote any solid substance 
showing such a well-defined shape 



Fig 1 la Quartz ciystals 


If we examine the solid substances around us, 
we can divide them into those which show 
beautiful crystal forms and those which do not 
For example, sugar and salt ordinal ily look like 


tine powders, but you must also have seen 
crystals of sugar (tinsii) or crystals of salt Even 
when sugar and salt are in the form of a fine 
powder one can examine them through the 
magnifying lens or micioscopc Looking at them 
thus you will notice that the tiny grams of salt 
or sugar still show the characteiistic plane faces, 
sharp edges and coiners that distinguish 
crystals We can extend our observation to 
many of the things around us to find out 
whether they arc crystalline or not What do wc 
mean by the woid crysiallme? We recognize a 
ciystal quite easily when wc sec the edges and 
the flat faces Thciefore, let us foi the present 
define crystals as solid bodies which ate bound¬ 
ed by plane faces, straight edges and shaip 



Fi(. ] lb Ciyskih plutw Iiilc,, stnnf’ht cdgLt,, sluiip 
LO)iieis 


corners Very often we make the mistake of 
calling glass a crystal because of the beautiful 
shapes it is made to display These shapes are 
made by man Glass, when it breaks, does not 
display plane faces or straight edges or corners 
Crystals of sugar or salt, however, continue to 
show these beautiful faces, when broken We 
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may say that one of the characteristic features 
of a crystal is that the beautiful geometrical 
foruis persist even when they are bioken 

Crystals may be made by the slow evapora¬ 
tion of solution The process by which a crystal 
IS formed is called ‘crystallization’ Crystalliza¬ 
tion can also occur when a liquid is cooled 
slowly The solidified crystal takes the shape of 
the vessel When it is broken it displays plane 
laces We shall later sec that what defines a 
crystal is the beautiful geometiical airangement 
of the atoms 

Non-ciystalhnc substances arc called amoi- 
phous 01 Pitch or tai is an amorphous 

substance 

Crystals arc bounded by a number of surfaces 
which aie usually perfectly flat, but in some rare 
cases they are curved as m certain specimens 
of diamond These plane surfaces are called the 
faces of the ciystal. In a single crystal the faces 
may be classified into two kinds, like and 



fio 12a Diiinioiid 'biiUianI' cut 



Fig. 1 2b Socliuiu cblonde ciystal 



and have both like and unlike faces The 
intersection of any two adjacent faces is 
called the edge of a ciystal. If you examine the 
crystal carefully you can notice the regularity 
of the position of the like faces, edges, etc. This 
legulaiity often constitutes the symmetry of the 
ciystal. The symmetry varies with different types 
of crystals and is employed to classify crystals 
into various groups One usually uses the follow¬ 
ing thicc criteiia of symmetry* 

1 Plane of symmetry 
2. Axis of symmetry 
3 Centre of symmetry 



Fig 13 Plane of syiuiuetry, a\i\ of sxinmcuy and 
centic of syninietiy 


unlike You would see fiom the diagram of the There are many examples around you of crys- 
common salt crystal, which is a simple cube, talline substances We have already mentioned 

that all the faces arc alike Another simple sugar and salt. The crystals of sugar and salt 

crystal having all the faces as triangles is the can be made quite easily from a saturated solu- 

simplc octahedron diamond crystal which takes tion of the substance in water Copper sulphate 

the foim of an octahedron Galena (PbS) is another substance which would give beauti- 

ciyslals combine a cube with an octahedron ful crystals with just a little efioit. You can buy 
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this substance in the market Dissolve rt in 
watci to foim a veiy strong solution, then filter 
the solution and keep it in an open glass The 
water will evaporate and leave beautiful 
crystals in the glass Remember that copper 
sulphate is poisonous 

Natiiie IS veiy prolific in the production of 
ciystals. Most of these ciystals were formed 
thousands of years ago, very lately do we come 
acioss the extremely beautiful, single crystals 



Fig I 4 

a Tnpci: b Qiiaiiz 


However, single crystals of quartz, diamond and 
mica aie well known You will notice that the 
crystals of mica look entiiely dilferent, being 
e.xlreme]y flat, Othei single ciystals also occur 
in nature in the form of precious stones such 
as ruby and sapphire However, most substances 
m nature occur as minute crystals mixed with 
other kinds of crystals and substances 
Take the example of a powdered mineral. 
Look at this powdered substance through the 
microscope or magnifying lens You will notice 
small ciystals of similar shape and colour The 
mineralogists and geologists recognize these 
crystals and detect these substances by looking 
at them thiough a microscope 
If you have made copper sulphate crystals or 
sodium chloride crystals, inspect them carefully 
Notice the faces, edges and coiners of the 
crystal Look at the ciystals of the same sub¬ 
stance made by one of your fiiends and count 
the faces, edges and corners See whether they 
are the same. You would notice that the crystals 
of the same substance, e g , copper sulphate or 
aluminium, look alike except for their sizes. 
They may be smaller or larger, but they 
have the same comers, edges and faces. Make 


a small goniometer with the piotiactoi, as 
shown below Measure the angles between the 
faces of yoiii crystal and compare the results 
with tliose of your fiiends 



Fio, 1 5 Gonioniclei 

Most crystals dissolve in a suitable liquid 
For example, sugar, salt and coppei sulphate 
dissolve in water Sulphui (gandhak) does not 
dissolve in water, but it does dissolve in another 
liquid, VIZ, carbon disulphide (CS,). You can 
crystallize sulphur from a solution of sulphur 
in carbon disulphide. We have only discussed the 
simple crystals The shapes of crystals are 
many For example, common salt is a cubic 
crystal, mica, on the other hand, forms sheet- 
like crystals Sulphur forms ciystals of long 
needles (monoclmic) as well as rhombic 
crystals In the human body and in other living 




Fig 17 Sulphiii ciy">tal 

things there ate many examples of crystals Our 
hatr and bones are ciystalline. The calcium 
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phosphate in the bones forms cjysUils which are 
similai to the crystals of apatite in nature 
Howevei, the crystalline natmc of biological 
substances like bones or haii is quite compli¬ 
cated and we shall not discuss them here 

The crystals of metals, foi example, alumi¬ 
nium or zinc, aie not clearly appaient One 
simple method of showing the ciystalline natuie 
of a sheet of aluminium is to ticat the surface 
of the sheet with acid The acid will coiiodc 
the various faces of the aluminium ciystals at 
a different late. If you now observe the aluiiii- 
nium sheet under a microscope in reflected light, 
crystals can be seen If you heat tlie aluminium 
sheet, and cool it slowly, the ciystals will be 
larger and quite easy to sec A similar method 
can be used to reveal the crystalline structures 
of many other metals 

The shape of the bricks we oidmauly use for 
building houses is rectangular The bricks that 
go to make a crystal are usually of the same 
shape as the crystal itself Front such bricks or 
sub-units, crystals arc built so that their faces aic 
cithei plane or stepped In fact, you may have 
noticed that if bricks are slacked in such a way 
that the amount of empty space between them is 
reduced as much as possible, the stack is more 
stable than if the bucks were haphazardly 
jumbled together Even the smallest unit of the 
ciystal has a certain shape The best stacking 
airangcment leaves the least amount of empty 
space in between and will depend on tlic shape 
of the unit buck. 

Atoms combine to foiin molecules The 
number and the various species of atoms that 
form a paiticiilar type of molecule deterininc 
the shape and size of the molecule The atoms 
within the molecule have certain specific 
relationships with each other The atom.s are 
bound togethei by chemical foices called 
valency bonds A few molecules airange them¬ 
selves to form the elementary building block of 
a crystal This elementary block is called the 
unit cell These units are aiianged in patterns 
and extend in all directions up to the boundaiy 
of the crystal, The smallest of these equivalent 



units IS called the unit cell of the crystal lattice 
The crystal, howevei, is finite It ends some¬ 
where near the boundaiy or surface, and the 
suiface of the solid crystal mattei diflers fiom 
its interior. 

The arrangement of cells forming a crystal is 
rarely perfect Sometimes stray atoms aie found 
m the lattice In some places the lattice may not 
foini but there may be a small gap where atoms 
have been left out At these points the com¬ 
pletely synimetiical nature of the crystal is 
disturbed, the interatomic foices aie slightly 
unbalanced and the lattices undergo slight 
changes oi distortion to allow for this. Often, 
in natural crystals these extra atoms may be 
atoms of different elements or impurity 
atoms The valency of the impurity atoms 
need not necessaiily be the same as that 
of the atoms of the crystal located m the 
same position, Foi example, the inclusion of a 
calcium atom in a sodium chloiide ciystal in the 
place of a sodium atom gives use to an impuiity 
of an element with a valency of 2 instead of 1 
Thcic aic other impurities due to the size ot 
the impurity atom being different fiom the size 
of the original atom in the crystal; for example, 
when sodium is replaced by lubidium. The 
vaiious kinds of impuiities have been studied 
and classified by scientists in accoidance with 
the effects they produce For example, a slight 
amount of chromium in aluminium oxide 
crystals gives rubies their characteristically 
beautiful led colour These impurities m crystals 
have sometimes been found to give very useful 
properties to crystals In other cases they 
produce effects which are not useful 

II. Molecules and bonds 

Molecules are the building bricks of all mqtter 
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and are composed of atoms of various elements 
The molecule of one substance or com¬ 
pound contains a certain fixed numbei of atoms 
These atoms may be of different types (or of 
dilTeient elements) or of the same type (ol 
element) Foi example, the hydiogen molecule 
IS composed of 2 atoms of the clement 
hydiogen. Similarly, 2 atoms of oxygen foim 1 
molecule of oxygen Anothei type of molecule 
made up of oxygen atoms is called ozone and 
IS composed of 3 atoms oi oxygen Othei mole¬ 
cules, such as those of common salt (NaCl), 
consist of two vaiieties of atoms one atom of 
sodium element (Na) and the other of chlorine 
element (Cl) A water molecule (HaO) is com¬ 
posed ol 2 hydrogen atoms combined with I 



Fig 1 9 ITa/f) tuul ccuhnn dioxide iiinleciilex 

atom of oxygen These aie examples of simple 
molecules There are, however, molecules of 
much laigei size and complexity in nature For 
example, a molecule of sugai contains 12 atoms 
of the element carbon, 22 atoms of the clement 
hydrogen and 11 atoms of oxygen The stiucturc 
of the sugar molecule is shown in Figuic 1 10 



CH,0H 

1 

H- C-V 

^ 1 
c 

1 

H- C-OH 

1 

HO-C-H ‘ 

1 

HO-C-H ' 

1 

H-C-H 

1 

1 

H - C-OH 

1 

H- C- 

H- C- 

1 

1 

C H OH 

CHgOH 


Fig 1 10 Sliiictiire of the sugar molecule 


The sugar molecule is far more complicated 
than the hydrogen or water or common salt 
molecule An example of a really complex 


molecule is that of haemoglobin These mole¬ 
cules which contain thousands of atoms occur 
m the blood and give blood its red colour. 
Each molecule of haemoglobin contains four 
atoms of iron, besides many hundieds of atoms 
of hydrogen, oxygen, caibon and nitiogen. 

Thcie are attractive forces which keep the 
atoms attached to each other to form molecules 
These attractive forces between atoms have 
been investigated by chemists and physicists 
and have been classified. The number of at¬ 
tractive bonds that an atom has are called its 
valency bonds For example, we say that oxygen 
has twice the numbei of valency bonds that 
hydrogen has 

These valency bonds are fairly easy to 
examine One of the simple rules to be kept 
in mind is that atoms of the same kind generally 
have the same valency For example, all 
hydrogen atoms have a valency of 1 Similar is 
the case with chlorine and sodium Carbon 
atoms have the valency 4 To this rule there are 
a few exceptions which need not be discussed 
here 

The valency of the hydrogen atom is said 
to be unity This means it is attached to 
molecules with 1 valency bond Oxygen, how¬ 
ever, has 2 valency bonds because 2 atoms of 
hydrogen combine with 1 atom of oxygen 
Similarly, carbon is said to have a valency of 
4 because 4 hydrogen atoms combine with 1 



Fig 1 11 Models of molecules 
1 Caibon dioxide 
2. Methane 
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carbon atom (Methane, CH,, is one of the main 
constituents of coal gas which is used foi 
cooking in a large nuinbei of homes in many 
cities) The idea of the valency of atoms of a 
paiticulai element enables us to predict how 
ceitam atoms will combine to form molecules 
Atoms of a paiticular element have a parti¬ 
cular valency which it exhibits ordinarily. 
There are some elements whose atoms exhibit 
more than one kind of valency Copper, foi 
example, forms CuCl and CuCL Thus it 
exhibits the valencies 1 and 2 Since we know 
that the valency of chlorine is 1 and the valency 
of carbon is 4, we can expect 4 atoms of 
chloiine to combine with 1 atom ol caibon 
This IS exactly what happens The compound 
carbon tetrachloride (CClj) is well known and is 
often used in the laboratory as a solvent be¬ 
cause of Us ability to dissolve oils and greases 
of many varieties It is also used for cleaning 
the grease off machines and for the dry-cleaning 
of clothes. 

The nature of the force which gives rise to a 
valency bond has been investigated by physi¬ 
cists and chemists The valency bond forces are 
not very simple Theie are many kinds of forces 
between atoms which give rise to valency Of 
these, two are quite important The first is 
called the ionic or polar bond The second is 
called the covalent bond 

An example of the ionic bond between atoms 
is the bond between the sodium and chloiine 
atoms in sodium chloride (common salt). The 
force of the ionic bond is basically electiostatic 
in nature and really represents the electrostatic 
attractive force between sodium and chlorine. 
The sodium atom contains an outer electron 
which is loosely bound and can be lost quite 
easily On losing an electron the sodium atom 
becomes positively charged with a single unit 
of positive electricity Chlorine, on the other 
hand, has a vacant place for electrons in its 
outermost ring of 7 electrons and can therefore 
capture an extra electron very easily ’ Chlorine, 

' Sec Section IV on page 12. 


on capturing the extra electron, becomes nega¬ 
tively charged with a unit negative charge The 
positively charged sodium atom and the 
negatively charged chlorine atom attract each 
other because of the electrical forces between 
them (See Figure 1 12) In some cases more than 
one electron can be transferred to foim an ionic 
bond Usually if a chemical compound with an 
ionic bond is dissolved m water and a small 
electric voltage or potential is applied between 
the two electiodes immersed in the solution, the 
positively and negatively charged atoms of the 
ionic compound in the solution move under 
the influence of the electric field in opposite 
directions towards the electrodes and carry an 
electric current from one electrode to the other. 
The electrical resistance of a solution of 
an ionic compound like common salt (sodium 
chloiide) IS quite small because of the ability 
of the charged sodium and chlorine atoms to 
carry electric current easily The charged 
sodium and chloiine atoms in a solution are 
called sodium and chlorine ions, respectively 

The covalent bond on the other hand arises 
from a more complex force which is very 
dilfeient in character to the ionic bond The 
covalent bond is due to the ability of individual 
atoms to share electrons with the neighbouring 
atoms For example, 2 elections of the 2 
hydrogen atoms can be shared by both the 
atoms in the hydiogen molecule (H^) One can 
think of each hydrogen atom possessing two 
electrons for a part of the time, no electron for 
another part of the time and only one electron 
for the rest of the time. Or, a more accurate 
picture would be to think of the electrons as 
forming clouds of charge around the two 
positively chaiged nuclei of the hydrogen 
atoms (See Figure 1.13) The calculation of the 
force of such a bond is more complicated. 

A molecule composed of atoms bound by 
covalent bonds, when dissolved in water, does 
not show any lowering of resistance as in 
the case of a dissolved ionic compound 
Since the electrons are shared between 2 atoms 
in a covalent bond, the 2 atoms do not separate 
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l-iii 1 12 The loiiiL bond in sodnnn chlonde 


' ■■ 1 SLirr 4 



biG 1 13 How a molecule of hydiogcn [HJ n funned 
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m solution and so no individual charged atoms 
are formed which can carry electric currents. 
You can carry out an experiment by measuring 
the resistance of water, then measuring it after 
dissolving some sugar, which is a covalent com¬ 
pound, and then measuring it after dissolving 
salt in watci, and finally tabulating the results. 

As mentioned eailier the atoms of some 
elements such as copper and iron show more 
than one valency This is mainly due to the 
fact that the number of electrons in the outer¬ 
most ring or orbit of these atoms can vary. 
Coppci exhibits a valency of either 1 or 2 Iron 
exhibits a valency of cither 2 or 3 There are 
certain gases, called noble gases, winch do not 
exhibit any valency They are supposed to have 
a valency of zero This means that they do 
not combine with the atoms of any element. 
Foi example, helium, neon, kiypton, xenon 
and radon have zero valency ■ 

The atoms of the different chemical elements 
aic not all of one size When atoms of difTe- 
lent elements combine to form molecules, the 
strength of the foices between them and then 
diflcrent sizes cause them to be arranged in a 
particular way m the molecule This essentially 
determines the shape of the molecule Foi 
example, the mtiogen atom is much larger than 
the hydiogen atom Since nitiogen is tiivalent, 
3 hydiogen atoms combine with nitrogen to 
form ammonia (NH,) These three hydrogen 
atoms, being equally attracted by nitrogen, 
arrange themselves .symmctiically in three 
directions (Figure 1 14), equally distant from 



N 

Fig 1 14 Ammonia molecule 

■‘Very recently, howcvci, it has been found that, 
undci veiy special circumstances, kiypton and xenon, 
allhoiigh Ihey are supposed to h.nvc zcio valcncj', can 
combine to foim molecules with fluoiine, chlorine, etc 


the nitrogen atom Similarly, methane (CH,) 
molecules contain carbon with a valency of 
4 One can rmmediafcly suggest that these 
4 atoms of hydrogen would be distributed in a 
space exactly symmetrical with respect to each 
other. This suggests how a CHi molecule may 
look If you join the four corners, which 
represent the position of the hydrogen atoms, 
it would form a regular tetiahedron with carbon 
at the centre (Sec Figure 111) 

If you take a crystal of solid methane, you 
will find the tetrahedral structure of solid CHi, 
which leally reflects the packing ot the tetra¬ 
hedral molecules of CHj close to each other so 
as to occupy the least amount of space. The 
shape of a ciystal, therefoie, leflects the eilect 
of the molecules being slacked together com¬ 
pactly to form larger assemblies Physicists 
study the structuic of crystals by using X-ray, 
optical and various other methods. The impoi- 
tance of determining the structure of crystals 
is that it enables the scientists to foiin an idea 
as to how molecules are ai ranged or stacked 
in a crystal Many of the properties of ciystals, 
such as hardness, depend on the stacking of 
molecules. 

111. Metals, iioii-inctals and senii-coiuluctors 
There aie many kinds oi elements which are 
solid in theii pure form at flic ordinary room 
temperature If we examine their electrical 
properties, especially the ability to pass electric 
current, we can classify all the solid elements 
in their pure form in three broad groups 
The first group consists of metals which are 
good conductors of electricity. Their electrical 
conductivity vanes from metal to metal Pure 
gold, silver and copper have very low resistance 
or veiy high conductivity. Electrical conducti¬ 
vity IS the inverse of electrical resistance and is 
defined as the current passing through a piece of 
metal, 1 centimetre cube, between two parallel 
faces, acioss which one volt potential difference 
IS maintained The electrical conductivity of gold 
and copper is 4 7x10’ and 12x10’ ohms'' 
cm"', respectively Other metals such as zinc. 
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iron or lead have electrical resistances which 
are higher, that is. their conductivity is lower 
than that of gold or copper None the less they 
are also good conductors of electricity. 

The second group of elements in their pure 
foim at room temperature, such as sulphur and 
iodine, have an cxtiemcly pooi ability to 
conduct elecliic current They arc often used as 
insulators because of this property. These 
elements aic bad conductois of electricity 
Thcie IS a third group of elements which aie 
neithei good conductors of electricity nor good 
insulatois, they aic called semi-conductors 
Their lesistances he m between those of insu¬ 
lators and good conductois (c g , about Ulcm’’) 
Germanium and silicon are examples of the 
semi-conductor type of elements 
All the tlircc kinds of elements form crystals 
Their essential dilTerences in electrical properties 
have been explained m tetms of the behaviour 
of the outer electrons of the atoms The elec¬ 
trons in an atom can also be thoughl of as a 
cloud of charge In a conducting crystal, the 
electiomc chaige cloud of an atom (of the 
outer electron orbits) overlaps to some extent 
that of the next atom so that the chaigc cloud 
of electrons pervades the entire regular crystal 
army We can also say that the outer elections 
in the crystals of metallic elements have been 
delocalized to some extent, and these electrons 
are no longer associated with any particular 
atom. These outermost electrons belong to the 
cntiie crystal lattice This enables them to move 
freely within the ciystal of the metal. One can 
picture the ciystal of conducting material as 
being made up of positive ions, suuounded by 
a cloud of delocalized electrons which enable 
electric currents to be very easily earned 

In non-metals or msulatois the crystal stiuc- 
tuic IS somewhat dilTerent The elections are 
completely bound to the atoms and the charge 
cloud of electrons is lestncted to the region of 
the atoms There is no charge cloud of elections 
throughout the non-metalhc crystal The elec¬ 
trons associated with each atom foim a small 
localized chaige cloud These individual charge 
2 


clouds do not ineige into one anothei 
(Figure 1 15) An clccUic field, therefore, cannot 



1-10 1 15 Cliaij’c cloud of neialihoiiiiiig iiu>in\ in 
a Insulalo! 
b Sniin-condiicloi 
c Condiicloi 

move these electrons from one charge cloud to 
the next, very easily. The scmi-conducLor ele¬ 
ment, on the other hand, is in between the 
good and bad conductoi, the electron charge 
cloud around one atom cilinost louches the 
electron charge cloud of the neighbouring 
atom This enables the elections to jump across 
from one atom to the next occasionally When 
an electric field is applied to metals the con¬ 
nected chaige clouds of elections behave as 
free electrons, and move very easily under the 
influence of the electric field This appears to 
us as high conductivity of electricity On the 
othei hand, in the non-metals like sulphur, the 
electrons’ clouds are localized and not inter- 
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connected, only an exticmely high voltage oi 
potential difference would enable electrons to 
be torn off fiom one chaige cloud around an 
atom and jump to the neighbouring charge 
cloud. The semi-conductoi comes m between 
the two cases 

There is a very simple method of distin¬ 
guishing metallic elenrents from semi-conduc- 
ting elements If you heat a metallic wire, the 
resistance of the wire increases as Us tempe- 
latiiie increases. This is because on heating 
atoms move or vibrate around their mean 
position and jostle or interfere with the move¬ 
ment of the electrons This pievcnts, or rather 
icduccs, the ficc movement of elections in a 
metal when an clectiic field is applied. In the 
semi-conductor, on the other hand, an increas¬ 
ing temperatuie will cause vibrations of the 
atom and of the election chaige cloud This will 
cause neighbouring electronic charge clouds to 
come closer and finally merge into one anothei 
foi a part of the time so that the electiic current 
flow becomes easier on the application of 
electrical potential differences Thus, in a semi¬ 
conductor the resistance decreases when the 
clement is heated This is a very easy method 
foi distinguishing semi-conductors from con¬ 
ductors and can be tried out in the laboratory 

There is a veiy simple way of putting all the 
clieinical elements in one chart This chart is 
called the Pei iodic Table The chemical elements 
in this chart are arranged in order of the total 
number of elections that each type of atom 
contains For example, the atom of the first 
element—hydrogen—in the chait contains 1 
electron and a nucleus The second element is 
helium Its atom contains 2 elections moving 
around the nucleus You would also notice in 
the chart that elements which have similar 
properties, occupy positions in the same vertical 
column. For example, all the metals which have 
similar properties, such as sodium, potassium, 
cesium, are arranged vertically, one below the 
other Similarly, elements like flourme, chlorine, 
bromine, etc, aie arranged vertically in one 
column If you study the Pciiodic Table very 


caicfully, you will notice that the elements 
which are metallic occupy the left-hand side of 
the periodic table and non-metallic elements 
like sulphui, iodine, etc , occupy the right-hand 
side of the Periodic Table The semi-conducting 
elements, which we have discussed, would be 
111 positions that are in between the two groups 
of conducting and non-conducting elements m 
the Periodic Table 

Let us now study some of the common metals 
with which you are all familiar, viz, copper, 
aluminium, iron, silver, etc. You will notice that 
copper, iron and silver are quite heavy If you 
lub any of the metals with a piece of sand- 
papci, yon will expose a shiny bright surface 
This is another common chaiacteristic of most 
metals Almost all the metals are solid (con¬ 
sisting of extremely small crystals). Tire only 
exception is meicury, a metal which remains 
liquid at room temperature However, mercuiy 
is a good conductoi of electricity and quite 
shiny Other metals which you come across 
quite frequently are zinc, nickel, magnesium, 
gold, tungsten, etc Take a piece of any common 
metal and put it in water You will notice 
that it will sink to the bottdm These metals do 
not dissolve in water However, if you take a 
piece of copper or zinc and pour a little hydro¬ 
chloric acid over it, you will notice that there 
is some effervescence, and gradually the zinc 
OI coppci disappears Thus we can say that 
many metals dissolve in acids Strictly speaking, 
however, they do not dissolve in the acid but a 
chemical reaction takes place Metals can be 
burnt in oxygen to form metallic oxides Oxides 
of metals when m contact with water show 
pioperties of alkalinity This is quite easy to 
test If you burn a piece of sodium in air and 
dissolve the residue, which is an oxide, in water 
and put a piece of red litmus paper in it, you 
will find that the litmus has turned blue 

The non-metallic elements on the other hand 
are sulphur, iodine, oxygen, nitrogen, etc You 
will notice that m general the non-metals are 
lighter, i e , they are less dense than the metals 
Some of the non-metals are gases at room tern- 
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peratuie, like oxygen oi nitrogen Most of the 
non-metals, like sulphui and iodine, can be dis¬ 
solved in the appropiiate liquids. Sulphur gets 
dissolved in carbon disulphide (CSj) and iodine 
in methyl alcohol (CH„OH) However, sulphur 
and iodine cannot be dissolved in hydiocliloric 
acid, like metals. You can burn sulphur to form 
oxides of sulphur such as sulphui dioxide (SO 2 ) 
which will dissolve in water quite easily The 
solution turns blue litmus red The non-metal 
oxides are, therefore, acidic There are some 
oxides of metals or near metals which behave 
as metals m some cases and non-metals in other 
cases A very common example is aluminiuiii 
You can burn it in oxygen to form aluminium 
oxide AljO, dissolves in acids as well as bases 
You will find that salts can be formed from 
aluminium oxide. The sodium salt is called 
sodium aluminate. Compare this with the 
salt formed from sodium and the oxide of 
sulphur in the presence of water. In this case you 
will get sodium sulphate (NajSOi) The behavi¬ 
our of aluminium is somewhat similar to sulphur 
in this case On the other hand, you can take 
powdered aluminium and dissolve it 111 sulphuric 
acid to form aluminium sulphate. In this case 
aluminium behaves like a metal Such metals 
which have a twofold behaviour are called 
amphotetic and the oxide of aluminium is called 
an amphoteric oxide because of its dual 
behaviour 

IV. Electronic structure—chemical and physical 
properties 

To understand the valency and combining 
power of elements, we should know how the 
atom IS put togethei To recount biiefly, we re¬ 
cognize four basic features of an atom • 

1 The diameter of an atom is between 10"* 
and 10'' cm 

2 The atom is composed of a nucleus whose 
volume IS extremely small (about 10’” of 
the volume of an atom) 

3 The density of nuclear matter is very high 
It IS about 10” times denser than gold or 
uranium and it can cany a positive chaige. 


4 The nucleus is suiioimded by negatively 
chaiged elections which occupy the cntiic 
volume of the atom These negative elec¬ 
trons surrounding the atom deteirame the 
chemical properties of an atom 
To understand this further, we must know 
something about the stiuctuial anangement of 
the electrons and their behaviour when atoms 
approach one another with sufficient energy to 
interact 

The electrons surrounding the atom do not 
behave like ordinary charged particles and 
cannot be observed in a laboiatory As a result 
of Niels Bohr’s work we now know that the 
electrons m an atom occupy specific energy 
levels. It IS usual to number these energy 
levels as 1, 2, 3, 4, etc. Corresponding to 
each energy level, the electron is supposed to 
go round the nucleus in a certain orbit These 
orbits of the elections are called K, L, M, N, etc., 
and the corresponding number n=l, 2, 3, 4 is 
called the ‘principal quantum numbei’ of the 
electrons in the atom Another basic and im¬ 
portant rule of the quantum theory which deve¬ 
loped out of Bohr’s work was that the number 
of elections that can occupy a particular orbit 
01 energy level is equal to 2n^ Thus the first 
eneigy level 01 the orbit is completely filled 
with 2 electrons, the second or the L orbit with 
8 electrons, the third or the M orbit with 18 
electrons, and so on Howevei, 111 the outermost 
orbit eight elections give a stable structute 
Sometimes the K orbit is also called as the K 
shell, the L oibit as the L shell, etc 

When an atom inteiacts chemically with 
another atom, it is only the electrons in the 
outermost orbit that play an important role The 
leairangemciit of elections m the outer oibits 
of two 01 more atoms results m the forma¬ 
tion of chemical compounds or molecules For 
example, lithium has only one electron m the 
second orbit, sodium has only one electron in 
the third orbit Similarly, potassium, rubidium, 
cesium have only one electron m their outer¬ 
most orbits These outermost electrons are quite 
fill away fiom the nucleus, and they are easy to 
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remove, as they aie weakly bound On the other 
hand, fluorine has 7 elections in the outermost 
orbit, i e, 1 less than the 8 required to fill it 
up completely. Similarly, chlorine, bromine and 
iodine also have only 1 electron less than the 
8 necessaiy to fill their outermost orbits com¬ 
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pletely These atoms, therefore, tend to capture 
electrons quite easily to fotm a complete shell 
of electrons in their outermost orbits In the 
language of the chemists, we can say that the 
alkali atoms, i e, atoms of lithium, sodium, 
potassium, etc , easily form positive ions by 
losing one electron; the halogens, le, fluorine, 
chlorine, bromine, easily form negative ions by 
adding one electron to their outermost orbit 
Positively charged sodium ions and negatively 
charged chlorine ions attract each other because 
of their unlike electric charges This is called the 


attiactive force of the ionic bond between 
sodium and chlorine Tliese attractive foices of 
the ionic chemical bond give use to the sodium 
chloiidc molecule The oppositely charged 
sodium ion and chloiinc ion cannot approach 
each other beyond a ceiLain distance because 
both have negative electrons moving around the 
nuclei of these atoms These negative chaiges 
in both sodium and chloiine atoms prevent 
these atoms fiom coming very close to each 
other The icsult is that the sodium and chlo¬ 
rine atoms take up an equilibrium position 
where the opposing electrostatic forces are 
balanced This equilibrium distance between 
sodium and chlorine atoms is called ‘intei- 
alomic distance’ Because of the position of 
equilibrium between two atoms we can speak 
about atomic and ionic ladii. 

Covalent Bond Many compounds have co¬ 
valent bonds This type of interatomic force 
aiiscs fiom the fact that individual atoms can 
gain a ‘closed shell electron structure’ in their 
outermost orbits by shaiing the electrons with 
othei atoms Physicists and chemists often 
explain the plienomenon of the jumping of 
electrons from the orbit of one atom to that 
of another in the covalent bond by saying that 
the elections foiming covalent bonds are most 
likely to be found somewhere m between the 
atoms The covalent bond arises from the 
elcctiostatic attraction, not between the positive 
and negative ions but between the individual 
positive ions and the negative charge cloud of 
two or more electrons located between two ions 
For example, in the hydrogen molecule each 
hydiogen atom has two electrons m its first orbit 
a pait of the time, averaging to one electron 
over a long time. Since two elections are needed 
to (ill the first orbit, this results in a closed shell 
strucluic of the hydrogen atom for a pait of 
the time, giving a highei binding energy than 
the (one) election attached to the hydrogen atom 
over a long time 

The forces of the interatomic bond, whether 
it is ionic or covalent, can be measured experi¬ 
mentally by measuring the energy that is re- 
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leased in forming molecules out of the consti¬ 
tuent atoms 

If a suitable solvent for a substance is found, 
it IS fairly simple to determine expeiimcn tally 
whether the chemical bond is lomc or covalent 
in character Covalent molecules do not separate 
into positive and negative ions in a solution, 

1 c, they do not ionize in a solution The le- 
sistance to current flow is not lowered by adding 
a covalent compound to a solvent (This is easy 
to demonstrate experimentally) When the bond 
between the atoms is ionic, molecules separate 
into positively and negatively charged ions oi 
groups of atoms cairymg a charge, The negative 
and positive ions act as conductors of electricity 
and these solutions of ionic compounds show 
increased electrical conductivity on the addition 
of a compound to the solvent A compound 
which causes increased electrical conductivity 
of a solution is also called an electrolyte because 
electiolysis of such a solution is possible For 
example, hydrogen gas is very often prepared 
by electrolysis of an acid such as hydrochloric 
or sulphuric acid Hydrogen ions being positive 
appear at the negative electrode and can be 
collected quite simply m an inverted measur¬ 
ing cylinder Oxygen can also be prepared by 
electrolysis and it appears at the positive elec¬ 
trode because the oxygen ion m a solution is 
negatively charged 

If you measure the electrical resistance of 
(0 pure distilled water solution, (ii) a solution of 
sugar in the same water, and (m) a solution of 
common salt, i e , sodium chloride, you can note 
the difference in lesistance in each case by ob¬ 
serving the current flowing through the cell 

In a solid, molecules usually airange them¬ 
selves in regular patterns. For example, if you 
take crystals of a compound with ionic bonds, 
exchange of electrons between the ions will take 
place within the crystal and therefore the 
positive and negative ions will tend to alternate 
with each other in the arrangement Let us take 
sodium chloride as an example, Since the 
sodium atom is positively charged and the 
clilonne atom is negatively charged, each atom 
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Will alternate with the other. This will give use 
to an arrangement as shown in Figure 1 17 The 
cubical airangcmenl of the sodium and chlorine 
ions in the crystal of sodium chloiidc is called 
the cubic lattice More complex substances with 
ionic bonds (such as CaSO,) will form more 
complex crystals. A study of ionic compounds 
will show that they have many pioperties and 
will help us to suninianze them 

1 Ionic compounds form hard, usually 
brittle, crystalline solids at room tempeia- 
tiiie 

2 They usually have high melting points 
because it takes a great deal of energy to 
pull apart oppositely charged ions In the 
solid state they are not good electric con¬ 
ductors but when melted oi fused ionic 
compounds conduct electricity freely be¬ 
cause the charged ions are then free to 
move 111 an external electric field A 
solution of ionic compounds in water 
conducts electricity because in a solution 
free ions are easily formed 

A compound having covalent bonds also 
forms crystals. In the solid foim, however, 
crystal lattices are made up of neutral atoms 
or molecules. 

Other general properties of covalent com- 




MATTER AND ENERGY 


15 


pounds containing the covalent bond can be 
summarized as follows. 

1 They arc usually gases, liquids or solids 
at room temperature and then crystal 
lattices aie usually more complex 

2 The compounds containing covalent bonds 
usually have low melting points because 
of the smallei intcrmolccular attractive 
forces. 

3 They are usually not very soluble in water 
but quite soluble in organic solvents 

4 They are usually poor conductors of 
clectiicity since the molecule and not the 
ion IS the basic unit 

You would notice that almost all the sub¬ 
stances which arc foimed due to lomc or co¬ 
valent bonds aie crystals m the solid slate 
There are other kinds of bonds which we have 
not discinssed However, these other types of 
bonds also lead to the crystalline stiucturc of 
Ihcir solid compounds One particular case is 
the metallic bond Tt is necessary to note in 
the case of metals that there is a special kind 
of bond called the metallic bond in which the 
outermost electron or electrons are free and 
foim a cloud of particles thioughout the volume 
of the metal These elections then arc no longer 
associated with a particular atom or molecule. 
They are delocalized and are associated with 
the entire piece of the metal This gives rise to 
a special kind of force in a metallic crystal, 
known as the metallic bend Here the electrons 
move about freely in the entire body of the 
metal Metals are characterized by very low 
electiical resistance, i.e.. very high electiical 
conductivity 

V. Eneigy of molecular formation 

We have already stated that when the molecule 
IS formed, the electrons in the outermost shell 
and the atoms concerned in the chemical re¬ 
action rearrange themselves We can now define 
a chemical reaction as a rearrangement of the 
outer electrons of the atoms which combine 


together to form a molecule The energy of the 
interatomic forces of the bond can be measuied 
in terms of the energy that is required to 
separate the atoms or to break the bond This 
energy is usually measured in units of calories 
requiied for the separation of a particular bond 
per giammc molecule of the substance Some¬ 
times certain bonds aie very unstable and energy 
is given out rather than absorbed when such 
a bond is broken 

An exothermic chemical reaction is one in 
which eneigy is released (usually in the form of 
heat) in the formation of a molecule and is 
measured in calories per gramme molecule. A 
gramme molecule is the weight of 6 x 10-'* mole¬ 
cules For example, 22 4 litres of hydrogen at 
room temperature would contain 6 x 10'“ mole¬ 
cules of hydrogen and weigh 2 grammes (mole¬ 
cular weight in grarames-gramme-molecule) 

A chemical reaction in which energy is 
absorbed in the formation of molecules is called 
an endothermic" chemical reaction The product 
of an endothermic chemical reaction is usually 
unstable, i e, the molecules formed by the endo¬ 
thermic reaction can easily break up into their 
components, and in the process yield an equi¬ 
valent of the amount of energy that was ab¬ 
sorbed to foim the molecule, for example, in 
explosives like TNT (tii-mtro-Loluene) The 
molecules of these substances are unstable 
When they break, they release energy. 

One of the simplest and very common chemi¬ 
cal reactions is the combining of carbon and 
oxygen to form carbon dioxide (CO,) The re¬ 
action is sometimes written as C-I-O 2 = COj-I- 
94,000 cal This means that when 12 gms of 
carbon combine with 32 gms of oxygen to form 
44 gms of carbon dioxide, 94,000 calories of 
heat are released We burn coal at home for 
cooking, m steam engines for pulling lailway 

’ The terms ‘exothermic’ and ‘endothermic’ have a 
Gicck origin and mean respectively ‘giving out heat’ 
and ‘taking in heat’ Sometimes the teims exocrgic 
and endocrgic, meaning ‘giving out eneigy’ and ‘taking 
in energy’, arc also used 
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trams and m generating stations for pioducing 
electiicity Even in our own body, when we 
oxidize food, we take in oxygen as we bicathe 
in or inhale air, and exhale the pioduct of com¬ 
bustion (caibon dioxide) The basic chemical 
reaction that is taking place in each case is the 
same In fact, we can measure the amount of 
eneigy we obtain from oui food by measuring 
the amount of carbon dioxide we exhale We 
can measuie the amount of electricity we 
generate by calculating the amount of coal 
burnt to produce that electiicity However, 
in the case of steam locomotives and electiicity 
generating stations, all the heat that is pioduced 
by burning coal is not turned into electiicity or 
tiaction power; some of it is invaiiably lost 

Energy is also associated with dissolving a 
solid or a liquid in water This is called the 
heat of the solution For example, if you dis¬ 
solve a little sulphuiic acid in water, you will 
find that the water containing sulphuric acid 
becomes warm If you dissolve ammonium 
chloiide fNH,Cl) or potassium nitrate (KNO,) 
in water you will notice an opposite effect In 
dissolving ammonium chloride oi potassium 
nitrate the water becomes cooler The name 
given to the heat released, as in the case of 
sulphuric acid, or the heat absorbed, as in the 
case ot potassium nitrate, is the heat of the 
solution The heat of the solution may be 
positive or negative 

We have already mentioned, that within 
the human body as well as in animals, com¬ 
bustion of caibon to foim carbon dioxide 
IS going on all the time In fact, the heat that 
IS obtained from this combustion is what keeps 
animals and human beings warm The rate of 
combustion in the human body is very well 
regulated and is such that the tempeiature of 
the human body remains even Both carbon and 
oxygen are necessaiy foi the human and the 
animal bodies Oxygen is provided from the air, 
when an animal or a human being bieathes The 
source of carbon is the food, particularly sugar, 
carbohydrates and fats that men and animals 
eat 


Whether it is an electiic generating station or 
our food, or whether it is a car, bus or railway 
tram, the power that we are using is primarily 
the heat and energy obtained by burning carbon 
and forming carbon dioxide This heat is con¬ 
verted into mechanical eneigy in the case of 
steam engines oi rotating geneuitois (dynamos) 
which in turn produce electric power 

VI. Energy and its transformation 

You have already seen a numbei of examples 
of how one type of energy is tiansformed into 
anothei The burning of coal which yields heat 
IS the chemical combination of carbon with 
oxygen You have also noticed how the mecha¬ 
nical energy rotating the electric generators 
gives electricity m the form of electiic current. 
In a steam locomotive, coal is burnt to 
piovide steam at high pressure in a boiler 
This steam diivcs the locomotive thiough 
the movement of a piston in a cylinder, 
to which the wheels are connected by a set of 
levers 

It IS a geneial rule that you can transform 
one foim of eneigy into another There is a 
veiy simple law about this This law states 
that the quantity of any form of energy is 
exactly equal to its equivalent quantity tn any 
other form All physical happenings, whethei 
they arc processes going on in the stars through 
millions of years or whether it is the motion 
of a cricket ball or of an ant, are essentially 
processes in which the transfoimation ot energy 
fiom one foim to another takes place To 
the best of our knowledge and experience, 
the total energy in a region changes only 
when an exchange of eneigy occurs between the 
region and its surroundings In other words, our 
physical experience is consistent with the univer¬ 
sal conservation of energy If we take oui 
legion as the entiie univeise, then we should 
expect no change of the total energy because 
by our definition there is nothing outside the 
universe The assumption that the total energy 
of the universe is constant is the basis of mosl 
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Ihcoiics about the evolution ol stais and 
galaxies of this universe 

The unit of mechanical energy usually used 
IS called the joule. The joule is defined as 
follows ■ 

One joule is the woik done when a loicc of 
one newton moves a’body of mass 1 kilogram 
thiough 1 mctie 

There are two othci simple foinis of energy 
—elcctiical and heat energy A unit of electrical 
encigy is a kilowatt-hour This is the unit that 
IS used foi measuiing the amount of electric 
encigy consumed in cvciy home Your electric 
bill fiom the clectiic supply coipoiation slates 
how many units of electricity have been con¬ 
sumed duiing the month, this unit is the kilo- 
watt-hour 

The mechanical energy measuiing unit, the 
joule, IS lelated directly to the elcctiical unit of 
energy, the kilowatt-hour, by the lollowing 
relation, 

1 kWh (kilowatt-houi) = 3 6 X lO" joules 
The unit of heat eneigy is called the caloric. 
One caloiie is the amount of heat energy which 
uuscs the tempeiatuie of 1 gramme of water by 
re The calorie measures heat energy and the 
joule measures mechanical energy Very often 
we use, in practice, the rate of doing work or 
the rate of energy expenditure, which is called 
powci For example, the power of one joule 
pei second is equal to 1 watt 

There are many forms of energy We have 
only mentioned heat, electrical and mechanical 
encigy. Electromagnetic radiation is another 
form of energy Electiomagnetic radiations can 
be subdivided into radio waves (both short 
and long), intra-red radiation, ultra-violet radia¬ 
tion, X-rays and gamma rays Other forms of 
energy are electric curients and fields, magnetic 
fields, the energy of electric charges, chemical 
energy, energy of sound waves, and nuclear 
energy Each of these forms of energy can be 
converted into any other form. One can calculate 
the amount of energy that will be equivalent 
to any other foim of eneigy by using a 
multiplication constant which is called the 


transformation constant of one form of encigy 
to another 

The energies ol heat, light or sound are 
examples of cncigics m action Theic arc other 
kinds of energy, viz,, the eneigy of water stoicd 
in a lescivoii or in a tank at the top of a build¬ 
ing This energy is called potential encigy and is 
measuied exactly in the same way as any other 
form of energy There aie many examples of 
potential energy or stored energy, such as the 
energy of a spring that has been wound up, e g, 
the spring of a clock The water stored at a 
height provides an example of potential 
encigy, while falling down it can tuin wheels oi 
turbines and genciate mechanical and electrical 
power There is also electrical potential energy 
A simple example of sloicd elcctiical energy or 
potential encigy is a charged condenser If 
you charge a condenser and then discharge it 
through a tube filled with neon gas at a low 
piessurc, you can sec a flash of led light thiough 
the lube This flash of red light is due to the 
electric ciirient flowing thiough the neon 
gas In other words, the encigy ol the charged 
condcnsei (the electrical potential energy) 
IS convcilcd first into electric current and 
then into heat and the light of the neon 
gas. 

Potential energy is measured in the same 
units as kinetic eneigy When we talk of the 
conservation of energy, all forms of energy— 
kinetic and potential, electrical, magnetic or 
chemical—have to be taken into consideration 
Energy is conserved in a system only when all 
possible forms of eneigy in the system arc taken 
into consideration 

In an atom bomb, in a star, and in a nuclear 
rcactoi, nuclear energy is converted into heat 
The energy of the nucleus resides in the mass 
of the nucleus In the release of nuclear eneigy 
a part of the mass of the nucleus is conveited 
into eneigy The great scientist, Albert Einstein, 
showed that mass can be converted into energy 
and vice veisa, the law of transformation in this 
case IS exactly similai to the law of transforma¬ 
tion of one form of eneigy into another The 
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law of convei Sion of mass into energy, as 
formulated by Albert Einstein, is 

Energy = mass X (velocity of lights 
or, 9x10"'' joules=l kgx(3xl0'‘ metres/sec)- 
We have similar transfonnation laws that 
connect every form of energy as well as mass 
to one another (sec Table 1 1) Man utilizes 
some of these foims ot energy in lavge quan¬ 
tities For example, the chemical eneigy of coal 
or oil is used very extensively by man We burn 
coal 01 oil to get heat, electrical power or 
mechanical power for various uses Over 90 per 
cent ot the eneigy that man uses is the energy 
of coal, oil, and water placed at a height 
The most important source of eneigy for 
man on earth is the energy of the sun This 
energy is generated in the sun through the 
tiansformation of a small fraction of the mass 
of the sun into eneigy The sun’s eneigy not 
only gives us heat and light, but also energy 
which produces chemical reactions (mainly) in 
plants to piodiice food The green leaves of 
plants are the main source of the chemical 
reactions using the sun’s eneigy to synthesize, 
out of water and carbon dioxide, the food on 
which both animals and plants depend Coal is 
also a form of energy Millions of yeais ago, 
the earth, particularly in marshy regions, was 
lull of trees These extensive forests were buried 
eventually and fossilized Coal is the fossils of 
these foiests of the past, commonly called the 
forests of the carboniferous era of the earth 
You all know of the attraction ot the earth 
for all bodies In fact, every body m the 
universe attracts every other body This force 
of attraction is called gravitation The sun 
attiacts the earth The earth attracts the sun 
and the moon We do not normally notice this 
force as very little change takes place m the 
action of this gravitational force. However, the 
variation of the attractive forces of gravitation 
of the sun and moon on the earth results in 
tides in the ocean These tides aie due to the 
fact that the sun and moon try to pull out 
water which, being a fluid, moves slightly out- 
waids The variation in the force occuis be¬ 


cause the earth rotates on its own axis and 
therefore difterent parts of the earth face the 
sun or the moon The relative position of 
the moon and the sun also changes, so that 
at times the sun and the moon pull together m 
the same direction giving rise to extra high 
tides The tides raise the height of the water 
and increase the potential energy of the water. 
Many scientists and engineers have suggested 
that if one could capture the water at its high 
level and allow it to fall carefully through a 
turbine, one could get power out of the tidal 
energy, i.e., the gravitational energy of attrac¬ 
tion of the sun and the moon Quite lecently 
this idea has been put into piactice on a small 
scale at Ranee in France Ranee is the estuary 
of a small river and during high tide the watei 
luns up the estuary Engineers have constructed 
a dam whose gates arc kept open when the 
water is flowing up the estuaiy When the water 
reaches its highest point the gates of the dam 
are closed, and the water captured m the 
estuary is allowed to flow back through the 
turbines, generating electric power 

Since the discovery of uranium fission, the 
energy of the nucleus of the atom released m 
fission has been put to use in nuclear reactors 
These leactois can produce heat and electiicity 
The first reactor which will generate clectiic 
power from the fission of uranium m India is 
being constructed at Tarapur in Maharashtia, 
and the second will be near Kotah in Rajasthan 
These power stations will use uramum and 
produce electric power at the rate of 500,000 to 
1 million kilowatts To a small extent this will 
free coal from its use as a fuel. The coal thus 
saved can be put to other uses such as the 
production of useful chemicals like dyes, 
benzene, napthalenc, etc 

TABLE 1.1 

The law of conscivation of cncigy can be confiimed 
by measuimg each amount of eneigy before and after 
Its convcibion Directly or indirectly, the different 
forms of energy can be measured. 

Some of the well-known lelationships used in the 
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mc.isLUcmcnt oi the difleient Lorms oL cncigy aic 
given below 

Mechanical potential cncigy ot a body 
= (,mass) X g X (height) 

Mechanical kinetic energy o[ a body 
= 4 (mass) X (velocity)’ 

Vlcat cneigy foi change of tempiciatuie 

= (mass in kg) x (sp heat) x (change of tem- 
peratuie in degrees ccntigradc) = kilo- 
caloiics 

Heat eneigy foi change of state 

= (masb in kg) x (latent heat of fusion/ 
vapoi iiation) = kilo-calories 
Electiical encigy 

= (ampcies) x (volts) < (scconds) = 

watt X second 


= fanipeies)’ x (ohms) x (scconds) = 

watt X second 

(watts) (hoiiis) 
kilowatt ■" houi units = - ~[qo()- 

Nuclcai encigy = (mass in gm) (3x10'")’ eigs 
= (niass in kg) x 9'< 10"' joules 
A kilo-caloiio IS equal to 1000 caloiics, while a caloiic 
IS defined as the heat lequued to raise the tempcialuie 
of 1 gm of watei by TC A kilo-caloiie is also written 
as Calotie (with a capital C) 

The law of conseivation ot eneigy is indirectly 
proved by the tiansEormation constant which connects 
the numerical eneigy ot one foim to the encigy ot 
another form For example 
(ci) The unit of heat encigy is a caloiic, while 
1 caloiie-42 joules 

= 4 2 X 10’ eigs 

That IS, we can get one caloiie of heat out of 4 2 joules 
of woik and vice vena 

(h) The unit of electrical encigy is watt x second, 
while 


1 watt X sec = I joule 
1 kilowatt X houi = 1000 X 3600 joules 
= 36x10“ joules 

(c) The conversion constant ot mass into eneigy is 
given by 


1 kg X (3x10’ metrcs/scc)’ = 9 X I0'“ joules 
id) When electrical energy is to be convcited into 
watts X seconds 

heat, then heat cneigy =-caloiics 

4 2 


E\aiiiple In a wateifall, the watci falls liom a 
height of too mcties Calculate its rise in temperature 
Let m gm be the mass of water falling and t°C be 
the rise of temperatuie Then 

Mechanical potential eneigy of water 
= mxg (100x 100) ergs 
= mx 981 X 10000 ergs 
Heat pioduced 

= m X 1 X t caloiies. 


Then 4 2 x 10' x m x t 
= mx981 X lOOOO 

^_981 X 10000 

42x10’ 


= 023“C 


Example Calculate the amount of a monthly bill 
for using two lUO-walt bulbs for 5 hours a day, one 
ceiling fan ol 200 walls foi 10 hours a day and a 
250-watt ladio lor 4 houis a day, when the clectiicity 
costs 20 paisa pci unit 

Hcic, watt X houis per day foi 2 bulbs 
= 2(100)x 5 = 1000 
watt X houis pci day foi 1 tan 

= 200 X 10 = 2000 

watt X houis per day for 1 radio leceivcr 
= 250x4=1000 

Total electiical energy used per day 
= 4000 watt X houis 

Hence total electiical encigy used pci month 
= 4000x 30 watt X hours 

, , , , , 4000x 30 

kilowatt X lioui units iiscd= -= 120 

1000 

Amount of the monthly bill = 120x20 paisa 
= Rs 24 00 


VII. Engines 

Engine is a word which has a special meaning 
when used in science and technology. The use 
of the piinciples of physics to make useful tools 
for man is called ‘engineeiing’ However, the 
word engine means a device that tiansforms 
one form of energy into another For example, 
the heat engine is a machine that can be used 
to transform heat into mechanical energy A 
steam engine, paiticularly a railway traction 
steam engine, converts the heat of burning coal 
into the mechanical energy of the motion of 
the railway tram Another kind of heat engine 
is the internal combustion engine which trans¬ 
forms heat by the combustion of petrol or 
diesel oil into the meclianical energy of the 
motion of the motor car, bus or truck 

Similarly, atomic engines or nuclear engines 
transform the heat energy of nuclear processes 
such as fission into the mechanical energy of 
motion For example, the power reactor that 
IS being built at Tarapur will convert the heat 
generated as a consequence of the fission of 
uranium m the reactor into high-pressuie and 
high-temperature steam which will drive the 


3 
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tuibines These large rotating turbines will in 
turn diive a dynamo or an electric generator to 
produce electrical power In this sense the 
dynamo or the electric generators me engines 
which convert the mechanical energy of rota¬ 
tional motion into electrieal energy In the case 
of electrical powei we can also have engines 
which do the opposite We call them electiic 
motors The electiic fan is an example of an 
engine which converts electrical eneigy into the 
mechanical energy of rotation In many cases 
you will notice that what we normally call an 
engine is really several engrnes put together 
For example, an atomic engine is really a com¬ 
bination of three engines The first engine is 
the reactor where nuclear energy is converted 
into heat energy, the second is the turbine 
which converts the heat of the atomic reactor 
into mechanical rotation, and the third is the 
electiic generator that converts mechanical 
motion into electrical energy. 

Engines arc very useful devices and are 
necessary for cariyiiig out various tasks It is, 
therefore, iinpoitant to know how useful and 
how good an engine Is, This is usually describ¬ 
ed by the efficiency of the peifounance of an 
engine The efficiency of an engine is given by 
the amount of energy it delivers foi a certain 
energy input Since an engine transforms one 
kind of energy into another, both the output 
energy and input energy of an engine have to 
be put into the same units of energy, befoie one 
can calculate the efficiency We thus have the 
following relationship 

Eaic,eK,=_ OuWUMero_ 

Input eneigy in the same units 
We have alieady discussed the exact nature of 
relationship of the difleient forms of energy. 
Theoretically, therefore, the highest value of 
efficiency can only be unity If efficiency could 
be greater than 1, energy would no longer be 
conserved. In eflect, with efficiency greater than 
1, energy could be created, but this never 
happens If there is no output energy, then the 
efficiency is zero Therefore the efficiency could 
vary only from zero to unity In all cases the 


eflicicncy is less than unity In all puictical 
situations efficiency is expressed in percentages, 
100 per cent being equal to unit efficiency 
The efficiency can therefore vary from 0 to 
100 per cent, 

When we generate electricity through burn¬ 
ing coal or oil m a large, modern thermal 
power station, the efficiency of such generation 
IS usually between 30 and 40 per cent If there 
are many stages m the transformation of energy 
from its initial form to the form in which it is 
utilized, efficiency tends to drop If we consider 
only the conversion of heat into mechanical 
energy in a modern high-pressurc, high-tempe- 
laturc luibine, the efficiency of such conversion 
can be between 50 and 75 per cent Since in 
electrical powci generation, the transformation 
of energy takes place m two stages—from heat 
to mechanical eneigy and then from mechanical 
energy to electrical power—there is a drop of 
30 to 40 pci cent m efficiency because the 
efficiency of generation of electrical power from 
mechanical energy is also around 60 to 80 per 
cent When we considci the generation of 
clectiical power from nuclear eneigy, there is a 
fuithei drop of 15 to 25 per cent in the 
efficiency because of the three stages involved. 

The practical efficiency that one can achieve 
in an engine depends on oui knowledge, on the 
technical skill and the ability to use the right 
kind of materials, and finally on the theoretical 
limits of the processes themselves An example 
of this is the steam engine, whose efficiency was 
only about iO per cent a hundred years ago, 
increasing skill and technique and the use of 
steam at higher pressures has increased it to 
around 40 per cent today. The engrnes that we 
are trying to build today with new principles 
have much lower efficiency than what they 
would have in the future as our skill increases 
For example, the eneigy of the sun that we 
receive on the earth in the foim of light and 
heal can be used by concentrating it in a small 
volume with lenses or mirrors It can also be 
converted directly into electrical eneigy through 
solar cells These arc thin, suitably treated 
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sheets of pure silicon or geinmnium If such 
thin sheets of silicon or geimanium aic exposed 
to sunlight with electiic connections between 
the top and the bottom sutface of the silicon 
or germanium sheets, current flows between 
the two suifaces through the wire These solar 
cells were invented only about 20 yeais ago 
When they were first invented, theii efficiency 
was about 4 per cent In recent years they have 
been improved, now the best solar cells have 
an efficiency as high as 15 to 16 per cent It 
IS possible that in future solar cells may have 
efficiencies comparable to the other kinds of 
engines, and be able to convert the sunlight 
into electricity, cheaply and efficiently 

We have described a few kinds of engines 
Probably the earliest amongst them is the steam 
engine To a large extent the steam engine is 
being replaced by the internal combustion 
engine, such as the engines of our motor cars 
Steam turbines are also replacing the recipro¬ 
cating steam engines In a steam tuibme, high- 
pressure steam passes through a senes of blades 
mounted on a single axis and shaped in such a 
way that as the hot steam under pressure 
expands through the tuibines, the blades rotate 
very fast In a modern steam turbine, the steam 
is allowed to condense at one end so that a 
partial vacuum is formed at the other On 
account of the pressure created at one end, the 
steam travels through the turbine at very high 
speed thus causing the blades of the turbine to 
rotate, also at very high speed This gives the 
steam turbine veiy high mechanical efficiency, 
sometimes as high as 70 to 75 per cent 
The internal combustion engine is veiy con¬ 
venient because it is very light in weight and 
can be attached even to a bicycle or a 
motor car Figure 1 18 shows the structure 
of the normal internal combustion engine. 
The normal petrol engine has four strokes 
Petiol 01 oil vapour mixed with air is introduc¬ 
ed into the cylinder of the internal combustion 
engine through a system called the catburettoi 
The electric spark ignites the mixture of petrol 
and air The combustion of petrol and the 
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Fig. 1 18 Ouigiam showing ilw inleinnl comhiniwii 
engiiu’ in aclioti 

oxygen of the air, giving out heat, carbon 
dioxide and watei vapour, push the moving 
cylinder The electiical spark takes place in 
a small spark plug inserted within the 
cyhndci of the internal combustion engine 
The electric current which produces the electric 
spark comes either from a generator oi from a 
battery through a distributor which is really a 
switch that connects the souice of power to the 
separate spark plugs exactly at the time at 
which the spark is to be produced An induc¬ 
tion coil acts like a transformer and gives the 
high voltage for the spark, The primary of the 
coil is supplied by a generator or a battery and 
IS connected through a switch This switch is 
also a pait of the distributor so that primary 
cuiicnt is connected at the same time as the 
secondary connection of the spark plug through 
the distributor. 

There is another class of turbine engines m 
which the hot gases produced by the combus¬ 
tion of air and fuel oil are passed thiough the 
turbine blades A veiy common engine of this 
type IS the turboprop engine of an aeroplane 
In these cases the turbines are connected to the 
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Ftg I 19 The (iiihopfop 
engine The diogiain 
\han\S' how ihe tut bine 
IS connected to the 
pinpellet 
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propellers of the aeroplanes (Figure 1 19). The 
Fokker Friendship and Viscount planes used by 
the Indian Airlines Corporation in India are 
provided with hot-gas turbine-dnven piopellers 
There is another interesting principle which 
can be used for converting heat energy into 
mechanical motion This is demonstrated in the 
reaction type engines The reaction type engines 
depend on Newton’s third law of motion which 
states that every action has an equal and 
opposite reaction. It means that if you give a 
certain amount of velocity or speed to a certain 
mass of gas or solid being ejected m one 
direction, the body which ejects the hot gas, 
gets speed or velocity in the opposite direction, 
the amount of which is inversely proportional 
to the mass of this body and directly propor¬ 
tional to the mass and velocity of the ejected 
gas or solid This law can be stated quite simply 
as, 

MV=mv 

where m, v refer to the mass and velocity of 
the ejected gas or particles and M, V refer to 
the mass and velocity of the body which ejects 
hot gas or particles. A very ordinary example 
of this phenomenon is the recoil of a rifle or a 
cannon when it is fired This principle can be 
used to build engines, the simplest of such 
engmes are the jet engines of the modern 
aeroplanes These aeroplanes have no propellers 
but only chambers in which the fuel gases are 
mixed with air and are burnt The heat of 
combustion expands the gases to a large volume 


or, rather, creates a large pressure within the 
chamber, and the hot gases escape through the 
nozzles at the rear end of the buiner at high 
velocity The hot gases escaping with high 
velocity give a thrust in the opposite direction, 
which is the forward direction of the aeroplane 
Jot planes working on this leaction mechanism 
move at a very high speed which is quite close 
to the velocity of sound in air The Indian Air¬ 
lines Corporation uses a make of jet plane 
called ‘Caravelle’ It has two jet engines mount¬ 
ed at the rear (Figure 1.20). The Indian Air 
Force and the air forces of other countries use a 
large numbei of jet planes because these planes 
are much faster than the propeller type planes 
Air India mainly uses Boeing 707 jet planes 
The speed of the Caravelle is about 560 m p h , 
and that of the Boeing 707, about 570 m p h 
Many ot the jets can fly much faster than the 
speed of sound in air 

The rocket engine is very similar to the 
jet engine The mam difference is that jet 
engines use oxygen fiom the air for the com¬ 
bustion of the fuel The air is taken in through 
suitable openings and compressed before it is 
mixed with the oil vapour for combustion. In 
a rocket engine the oxygen that is necessary for 
combustion is carried by the engine itself 

You should note that one cannot use a jet 
engine to travel in space because there is no air 
or oxygen available for combustion. The rocket 
engine, however, can be used to travel in 
space because the engine carries chemical subs- 
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tances which, reacting together, will produce VIIL Nuclear energy 

the large amount of heat necessaiy for rocket We have already desciibed an atom as some- 
propulsion Large rocket engines have been thing like a miniature solar system in which 
built particularly by the Russians and the there is a heavy and positively charged central 
Americans, to take heavy loads, including men. nucleus about 10,000 times smaller in diameter 
into space These engines operate mainly with than the atom itself. There are a number of 
fuels such as alcohol and oxygen Recently, electrons which move around this heavy and 
scientists and engineers have been trying to positively charged nucleus, ordinarily the atom 
build rocket engines which will operate with as a whole is electucally ncutial 
the hydrogen and oxygen combining reaction • The simplest atom is that of hydrogen which 
2(H,) + (0,)=2(Hn0) consists of a positively charged nucleus carry- 

They have been partially successful The ad- iiig one unit of positive electiicity called the 
vantage of using hydrogen and oxygen as rocket ‘proton’. Theie is one electron moving in an 
fuel is that the amount of heat generated is very orbit around the proton in the hydrogen atom, 
large; the disadvantage is that hydrogen and The proton is nearly 2,000 times heavier. The 
oxygen have to be stored m the liquid form so atoms of heaviei elements are more compli- 
that the rocket carrying them is not too bulky cated Theii nuclei are heavier, consisting of 
The temperature of liquid hydrogen is very low several protons and neutrons A neutron is 
(about 14°K) and hence it can only be obtained an uncharged particle whose mass is roughly 
as a liquid with great difficulty. equal to that of the proton, but slightly heavier, 



Fig. 1.20. A Caiavelle Note the lefi-hund side jet mounted at the reai 
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The neutrons and protons attract each other 
very strongly and combine to form the nucleus 
of an atom These nuclei are also on the aver¬ 
age quite small compared to the atom The 
nuclei of atoms vary in size The smallest is 
the nucleus of the hydrogen atom and the 
largest is that of the uiamum atom, whose 
nuclear radius is around 4 8 x 10''“ metres. 
The nuclei of the atoms can contain the same 
number of protons but a different number of 
neutions Since the number of piotons is the 
same, such atoms carry the same number of 
positive charges in their nuclei. The masses of 
the nuclei will be however different since the 
number of neutrons is different Since these 
atoms have the same positive charge although 
they have different masses, they will exhibit 
the same chemical pioperties These different 
atoms of the same chemical element having 
different masses are called ‘isotopes’ This means 
that there will be chemical elements which have 
different atomic weights. Isotopes are quite 
common in naluie and almost every chemical 
element, with a few raie exceptions, has 
isotopes Even the element hydrogen has two 
stable isotopes The first isotope is the one 
having a nucleus of a single proton, the second 
isotope, sometimes called heavy hydiogen, is the 
one containing 1 proton and 1 neution in its 
nucleus About 0 02 pci cent of the hydrogen in 
nature is heavy hydrogen Heavy hydiogen has 
often been called deuterium Hydrogen has a 
third isotope called tritium Study the table of 
isotopes (Table 1 2) and find out the number of 
isotopes of the odd-atomic-number elements 
and then of the even-atomic-numbei elements 
You will notice that the even elements have a 
much larger number of isotopes than the odd 
elements 

We have already come across the law of 
conversion of mass and eneigy A direct proof 
of the conversion of mass into energy was 
obtained in 1933 after the discovery of the 
position The positron is a particle which 
carries a unit positive charge and has a mass 
exactly equal to the mass of the electron. These 


particles were first discovered in cosmic radia¬ 
tion but are now quite easily pioduccd in the 
laboratory 

When a positron hits an election directly 
both of them vanish, with the complete conver¬ 
sion of their masses into energy This energy is 
ladiated m the form of electromagnetic radia¬ 
tion which IS quite similar to the radio waves, 
but has a frequency which is 10’’‘ times greater 
than the oi dinary radio waves The energies of 
these electromagnetic radiations have been 
measuied The total energy radiated shows that 
the entire mass of the positron and electron is 
exactly equal to the total energy of the electro¬ 
magnetic radiations emitted, in accoidance with 
the relationship of Einstein 

It you have half a milligram of electrons and 
half a milligram of positrons, the total amount 
of matter would be 1 milligram, and they would 
be completely annihilated by coming into 
contact with each other The radiated energy 
that is evolved would be about the same as one 
would get by the combustion of 1 tonne of coal 
to form carbon dioxide In other words, if you 
burn one thousand kilogiams of coal, you would 
get as much energy as you would by the com¬ 
plete conveision of one milligram of matter 
into energy 

We have aheady mentioned that the electron 
IS 1/2000th times lighter than the pioton 
In othei words, in about 1 milligram of 
matter approximately 99 98 per cent of mass 
is concentiated in the nucleus and less than 
0 02 per cent in the mass of the electrons 
If you want to obtain a large amount of 
eneigy by converting matter, it would be 
sensible to try and convert the nuclear mass 
into eneigy rather than to convert the mass of 
the elections into energy This is not only 
sensible, it also happens to be easier to convert 
a part of the mass of the nucleus into energy 
than to convert the mass of the electrons into 
eneigy. 

In the laboratory the scientists have in¬ 
vestigated the interaction due to the colli¬ 
sions of the fast moving nuclei with one an- 
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TABLE 1.2 

SOMC iMPORIANl Et.EMENTS WITH IHLIU 
Staele TSOTOI’LS 


Element 

A tonne No 

No of Isotopes 

Hycliogen (H) 

1 

2 

Hcljum (He) 

2 

2 

Lithium (Li) 

3 

2 

Bciyllium (Be) 

4 

1 

Boion (B) 

5 

2 

Caibon (C) 

6 

2 

Nitrogen (N) 

7 

2 

Oxygen (O) 

8 

3 

Fluorine (F) 

9 

1 

Neon (Nc) 

10 

3 

Sodium (Na) 

11 

1 

Magnesium (Mg) 

12 

3 

Aluminium (Al) 

13 

1 

Phosphoius (P) 

15 

1 

Sulphur (S) 

16 

4 

Chlounc (Cl) 

17 

2 

Potassium (K) 

19 

2 

Calcium (Ca) 

20 

6 

Chiomiuni (Cr) 

24 

4 

Manganese (Mn) 

25 

1 

Iron (Fe) 

26 

4 

Cobalt (Co) 

27 

1 

Nickel (Ni) 

28 

5 

Copper (Cu) 

29 

2 

Zinc (Zn) 

30 

5 

Bromine (Bi) 

35 

2 

Kiypton (Kr) 

36 

6 

Rubidium (Rb) 

37 

2 

Strontiuirr (Si) 

38 

4 

Yttrium (Y) 

39 

1 

Zirconium (Zi) 

40 

5 

Niobium (Nb) 

41 

1 

Molybdenum (Mo) 

42 

7 

Ruthenium (Rii) 

44 

7 

Rhodium (Rh) 

45 

1 

Palladium (Pd) 

46 

6 


Element 

A tonne No 

No of Isotopes 

Silvei (Ag) 

47 

2 

Cadmium (Cd) 

48 

8 

Indium (In) 

49 

2 

Tin (Sn) 

50 

10 

Antimony (Sb) 

51 

2 

Tclluiium (Tc) 

52 

8 

Iodine (1) 

53 

1 

Xenon (Xe) 

54 

9 

Cesium (Cs) 

55 

1 

Barium (Ba) 

56 

7 

Lanthanum (La) 

57 

2 

Cciium (Ce) 

58 

4 

Piascodymium (Pi) 

59 

1 

Neodymium (Nd) 

60 

7 

Samarium (Sm) 

62 

7 

Euiopium (Eu) 

63 

2 

Gadolinium (Gd) 

64 

7 

Teibium (Tb) 

65 

1 

Dyspiosium (Dy) 

66 

7 

Holmium (Ho) 

67 

1 

Erbium (Ei) 

68 

6 

Thulium (Tin) 

69 

1 

Ytterbium (Yb) 

70 

7 

Lutctium (Lu) 

71 

1 

Hafnium (Hf) 

72 

6 

Tantalum (Ta) 

73 

2 

Wolfiam Tungsten 

(W) 74 
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Rhenium (Re) 
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Osmium (Os) 
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Indium (Ii) 
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Platinum (Pt) 
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Gold (Au) 
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Mercuiy (Fig) 
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Thallium (Tl) 
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2 

Lead (Pb) 
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Bismuth (Bi) 
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Other Tlieir experiments have shown that in 
some of these collisions (of one nucleus with 
another) the energy leleased is small and 
lequires very careful experiments to detect it. 
However, it is small because the nucleus itself 
IS a very small thing and the mass of the 
hydrogen atoms and the atomic nuclei is also 
cjuite small. For example, the mass of the 
hydrogen atom is 1.6 x 10'-‘ gm and for fairly 
heavy nuclei such as stiontiuin the mass is 
about lO'-- gm. The energy released, therefore, 
IS quite small when you take only one single 
nucleus of an atom into consideration. How¬ 
ever, the study of these nuclear reactions in 
the laboiatoiy has showed the possibility of 
ceitain cxoergic reactions, involving the nuclei 
of the atoms of hydiogen, caibon, nitrogen, 
oxygen, which would yield eneigy These re¬ 
actions are, in all possibility, responsible for 
the genciation of energy in the sun The energy 
generated by these reactions, involving a large 
number of nuclei, heats up the entire mass of 
the sun so that the centre of the sun has a 
tempoiaturc of about a few million degrees 
centigrade while the surface of the sun is at 
6000 "C These heat reactions or fusion re¬ 
actions are responsible foi the laige energy that 
the sun emits These heat reactions also occur 
in most of the stars that we see in the sky. 

There is another kind of luicleai reaction 
which yields energy This is called the nuclear 
fission reaction wluch was discovered com¬ 
paratively recently m 1938. Such reactions occur 
only in very heavy nuclei such as those of 
uianium or thoiium The last three elements m 
the Periodic Table aic those with the atomic 
numbers 90, 91, 92 They are thorium, protacti¬ 
nium and uranium The nuclei of these elements 
aie quite heavy, consisting of about 90 to 92 
protons and 135 to 146 neutrons These heavy 
nuclei, when hit by .sufficiently high energy 
particles, break up into two fragments very 
much in the way that a drop of liquid breaks 
into two droplets when given a shake Such 
leactions are called fission reactions because 
the heavy nuclei break into two almost equally 


large fractional nuclei. The heaviest element 
occurring in nature is uranium, with atomic 
number 92 There are two mam isotopes of 
uranium, viz, Uranium-'“ and Uranmm^^'' 
Uranium “““ is present to the extent of about 
99.3 per cent and Uiamuin-''’ to the extent of 
0.7 per cent 

Otto Hahn of Geimany discovered fission 
by his painstaking investigations into what 
happens when uranium is exposed to a beam of 
neutions Fioin a sample ot puic uianiura, 
Hahn and his colleagues weie able to detect 
chemically other elements such as bauum, 
krypton, etc. The cxpeiiment of Hahn and 
others established that a large amount ot energy 
was released during fission, equivalent to about 
1/1000th ot the total mass of uranium This 
energy is quite large and is about one million 
times the encigy released in the combustion of 
an equal amount of coal The work of Hahn, 
Joliot Curie and others also demonstrated that 
duiing the fission of uranium. 2 or 3 extra 
neutrons aie released Since the fission of 
uranium can be caused by neutions hitting a 
uiamum nucleus, Fermi, another great physicist, 
thought that the neutrons that are released 
during the fission could be used to produce 
more uranium fission Such an arrangement, 
called a chain reaction, can be produced by 
utilizing the neutrons obtained from uranium 
fission to cause further fission of the uranium 
nuclei. Fermi’s investigations showed that this 
chain reaction could be set up very easily with 
the isotope UramunT'k tic was also able to 
show that even m ordinary uranium with only 
0 7 per cent Uranium^it was possible to set 
up chain reactions by using large quantities of 
very pure uianium and very pure graphite or 
heavy water arranged in such a way that the 
neutrons arc not lost but slowed down and 
captured to cause further fissions in the 
uranium This arrangement was called a nuclear 
reactor by Fermi 

The fission of uianium, in which the nucleus 
of the uranium atom on being hit by the neutrons 
bleaks into two fragments, can be compated 
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U) the bieaking up ol a laigc chop of liquid 
uiLo two diops undei some soil oi shock The 
two luiclcai tiagments obtained by the biealc- 
ing up oi llie uianium nucleus scpaiate at a high 
speed (due to the clectiostatic repulsion of the 
two nuclear fiaginents) yielding a large amount 
of energy, these fragment nuclei aie unstable. 
They aie ladioactive and emit electrons and 
y-iays by radioactive decay. All these processes 
yield cneigy and arc pait ot the total energy 
leleased in the pioccss ot the fission of uranium 
This total cneigy released as gamma lays, beta 
lays and the motion ot the teagment nuclei 
finally appears as heat This heat is transfeiied 
to a cooling fluid which carries the heal ot the 
fission pioccss to the encigy tiansformer which 
can then be used to operate machines 

We have mentioned cathcr that Uraniiun'-^’''’ 
IS the most easily fissionable isotope which 
exists in nattiie The fission of one graminc ot 
uranium yields as much eneigy as one could gel 
by burning about 1,000 kilogiams of coal The 
anangcincnt that Fermi devised for obtaining 
uianiunr fission in a chain leaction at a con¬ 
trolled rate of nuclear fission has become a new 
sotucc of energy which man is using more and 
more m many countries of the world Since 
most ot the eneigy of fission appears finally as 
heat, a nuclear reactor can be compaied to a 
fuinacc which supplies heat With a nuclear 
rcactoi one can devise methods of tiansferring 
and using the heat to run machines and generate 
electric jiower It is also possible to use it as 
mechanical power There are ships and sub- 
maiines built by the United States and Soviet 
Russia which run on nuclear fission power 
These ships and submarines contain one or more 
nuclear reactors which aie souiccs of heat This 
source of heat is used to heat up the gas which 
diives the turbines These turbines arc connecl- 
ed by a system of gears to the propellcis of the 
ships 01 submarines The advantage of having 
a nuclear reactor to move ships or submarines 
IS that coal or oil is not necessary and uranium 
as a fuel lasts much longer than coal oi oil 
A ship using a nuclear reactor as a source of 
4 


eneigy can tiavcl several hundied thousand 
miles without icluclhng This is because the 
fission of a gramme of uranium yields as much 
heat in the unclear leactor us would be obtained 
by burning a ton of coal 
Nuclear power is now being used to geneiatc 
electricity in scvcial countiies The main ad¬ 
vantage is that although the heat value of 
uranium is up to a million times moic than that 
of coal, uianium is not one million times moic 
expensive, but only about 1,000 times more ex¬ 
pensive than coal Since the fuel value ol 
uranium is one million tunes more than that of 
coal, the advantage of uranium is roughly 1,000 
times that ol coal if we consider Uianium-'' 
alone The advantage is about eight times if 
we considct natural uianium having both 
Uranium-'’ and Uuimunr^'". However, this is 
not the whole story. Uranium icactois ate 
extremely expensive and ditficult to build The 
macliineiy for contiolling the heat of the 
icactoi and of its tiansfei to the gcneialing 
machinery is quite complicated and expensive 
However, because of its advantages and ulti¬ 
mately chcapci fission powei, uianium has a 
bright future in India and in many othci 
counliics There is anolhei aspect Coal is vciy 
impoiUinl foi melalluigical puiposes (leducmg 
oxides of metals to pure metals) Many Govern¬ 
ments now think that coal should be used with 
care and should not be wasted foi pioducing 
powci where other sources of heat or powei 
arc available at a leasonablc cost Since the 
resources of coal arc limited in oiii country, 
paiticulaily m the southern and western areas, 
our government has taken steps to make 
nuclear power gradually available to these areas 
The first nuclear power station which will genc- 
lale initially about 400.000 kilowatts of electric 
powci IS under consLiuction at Tarapur in 
Maharashtra This is expected to be finished by 
1968 when it will supply electric powci to a 
vciy large aica including Bombay and cities 
in Its neighbourhood The advantage would be 
that coal will not have to be transported to 
the areas around Bombay for the i mining of 
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machines or power stations A second power 
station IS also being built at Rana Pratapsagai 
in Rajasthan, this would take a few moie vcais 
to complete In Rajasthan and in the western 
parts of our countiy coal is much more expen¬ 
sive than in the northern aicas since it has 
to be tiansported to those regions by rail or 
ship In some southern areas in India even 
hydioeleclnc powei is not easily and cheaply 
available, and nucleai power from fission odeis 
the possibility of obtaining compauitively cheap 
and huge amounts of power A nucleur powei 
station is being planned near Pondicheiiy, this 
will be the thud nuclear power station in 
India Power is impoitant foi the economic 
well-being of the people. A factory using 
machines can produce much more goods than 
a man working with his own bate hands This 
IS possible because machines m a factory 
use electric power The larger the amount of 
power available per person, the more would 
be the goods produced m the country People 
will get more of the things they need as more 
power per person becomes available in the 
countiy 

Since coal and oil production m our countiy 
depend on the mining of coal and digging of 
oil wells as well as on the discovery of new coal 
and oil fields, it is generally not possible to 
think of expanding the production of coal and 
oil infinitely Hydroelectric power depends on 
the water that falls as rain or snow m the 
mountainous legions of the country, but there 
is a ceiling to the amount of hydioclectiic power 
that can be made available by harnessing this 
water It is, therefore, important for all nations, 
and particularly for India, to explore the 
possibility of harnessing nuclear power for then 
factories In India coal and oil rcsouices are 
not as extensively and richly distributed as in 
the USA 01 in Soviet Russia It is, theiefoie. 
important for India to explore how nuclear 
power could be obtained cheaply 

The fission of uranium is a source of powei 
To be able to use this source of power, a sound 
undeistanding of the science and engineering of 


uiamiim fission processes is necessary The 
fission of uranium is a dangerous phenomenon 
if It is not pioperly contiolled and used with 
great caie When uranium fission takes place the 
fragment nuclei that are produced arc radio¬ 
active They emit energy in the foim of beta 
lays or electrons of high speed and gamma lays 
or X-rays of high penetrating powei Both these 
are a souice of danger to human beings and 
animals, it they arc exposed to a large quantity 
of these ladiations 

You must have heard of atom bombs. 
These are also uranium fission devices where 
111 a few kilograms of uranium fission occurs m 
most of the atoms in about one-millionth of a 
second The liemendous amount of energy that 
IS suddenly released in the process of an atom 
bomb explosion as well as the radioactive 
mateiials produced in the fission fragments 
cause a great amount of damage and the death 
of the people in the area In a nuclear reactor, 
uranium fission takes place at a controlled rate 
However, if by any chance the rate of produc¬ 
tion of fission in the nuclear leacLoi increases 
beyond control, the nuclear reactor can also 
explode It is, therefore, a dangeious device 
w'hich ha.s to be carefully operated with many 
precautions Moreover, the nuclear reactor 
gcnciates a lot of radioactive materials even 
when it IS lunning under perfect control This 
radioactive debus, the end-product of the 
uranium fission process, is a source of potential 
danger against which many precautions have to 
be taken 

The radioactive fission products are usually 
lemoved carefully and stored in such a way that 
they do not cause any danger to any living being 
People working in the area have to be carefully 
piolccted by many instruments and devices so 
that they do not run into any undue danger 
Moieover, m the operation of a nuclear reactor 
the engineers who operate it do so from a eon- 
sidciable distance with various remote control 
appaiatuses and machinery so that they do not 
have to come close to the icactor during its 
operation. 
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There is another aspect of radioactive atoms 
Some of the radioactive elements produced in 
the fission of manium are veiy useful, although 
they aie dangerous For example, radioactive 
iodine IS used by doctors and medical men for 
the diagnosis and treatment of certain types of 
diseases of the thyroid. Another radioactive 
element, yttrium, emits gamma rays of low 
energy which can be used as a substitute for 
X-rays In fact suitable yttrium sources can 
be used in many cases for taking X-iay photo¬ 
graphs This is a great convenience because an 
yttrium source is very small and portable while 
an X-ray machine is not Some of the other 
radioactive materials produced by uianium 
fission during the generation of nuclear power 
can also be put to use All these radioactive 
elements however, need veiy careful sepaiation 
from uranium and other fission pioducls under 
conditions of considerable clanger 
There is another kind of nuclear reaction 
which we have mentioned befoie This consists 
of fusion reactions in which the hydrogen 
nucleus is combined with the nuclei of othei light 
atoms such as lithium, carbon and nitrogen 
These reactions also release a laige amount of 
energy Some of these leactions arc also used in 
the so-called hydiogen bombs in addition to 
fissionable materials In the core of a hydiogen 
bomb theie is actually an atom bomb using 
uranium or plutonium which is exploded first 
The tremendous amount of energy released by 
the fission bombs heats up the substances of the 
fusion bomb to nearly 100,000,000 °C so that 
the atoms of the elements hydrogen and 
lithium start to move very fast and hit one 
another at a great speed This causes fusion re¬ 
actions to occur. More energy is released in the 
process of reactions which keep the temperatui e 
at the level necessaiy for fusion reactions to 
continue until most of the elements of the 
fusion reactions are exhausted 
Almost at the very centre of the sun and of 
the stars the temperature is veiy high, perhaps 
several million degrees centigrade Fusion 
nuclear reactions take place at these high 


tcmpcratiues Almost all the tremendous energy 
of the sun and the stars comes fiom these fusion 
reactions occurring at the centre of these bodies 
The rate at which the fusion occurs is compara¬ 
tively slow and the amount of heat and light 
given out by stars or by the sun is more or less 
counterbalanced by the amount of energy 
generated in the interior of the stars due to the 
fusion reactions This balance enables our sun 
and most of the stars to maintain almost a con¬ 
stant surface temperatuie through thousands of 
millions of years 

Scientists have been studying the possibility 
of producing controlled fusion reactions in the 
laboratory, this will enable thorn to generate a 
large amount of powei Since the discovery of 
the hydrogen bomb, scientists in many countries 
of the woild, paiticularly m Soviet Russia. 
United States, England and Fiance, have been 
studying the many problem.? connected with the 
controlled fusion reactions These problems 
have not yet been solved although some progress 
has been made in the laboiatory Tempeiatures 
of over one million degrees have been produced 
under laboiatory conditions. As the scientists 
learn more of the behaviour of matter at high 
tempeiatures, they will be able to solve the 
problems of producing conli oiled fusion re¬ 
actions m the laboraloiy When these ptoblems 
aie solved and the scientists are able to produce 
controlled fusion reactions m the laboratory, it 
would be foi the engineers to build fusion re¬ 
actors and supply electric power as nuclear 
leactions aie doing today In fact, one of the 
remarkable possibilities of the future is that if 
man can control and obtain power from fusion 
leactions, there would be a souice of power 
available to him, much greater than all the coal, 
oil. electricity and uranium sources that we have 
m the earth at present. 

IX. Waves and particles 

If you have observed waves in water or in a 
suing, you will notice that the waves move 
Float a piece of cork in water The cork will 
move up and clown, staying more or less at 
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one place although the waves seem to move 
forward You will notice that apart from the 
forward movement, there ate also crests and 
troughs, that is, the up-and-down movement of 
the waves The existence of crests and troughs 
IS the universal characteristic of all wave motion 
Sound, light, radio waves, heal are all examples 
of wave motion Sound waves aie waves in air, 
water or some other material Light, heat and 
radio waves are waves of electric and magnetic 
fields All wave motions, whether waves in 
water, an or electromagnetic fields, carry energy 
It IS the energy carried by a wave motion that 
enables us to detect it. For example, part of the 
encigy earned by the sound waves sets our ear 
drums vibiating and causes us to recognize or 
hear sound Similarly the light waves absoibed 
by the retina of our eye bring about chemical 
changes on the retina due to the eneigy they 
carry These changes are transmitted through 
the netves to our brain, causing us to see 

Look again at the waves that you generate 
in a string or in a basin of water, you will notice 
that there ate peaks and hollows and these peaks 
and hollows follow one another This is charac¬ 
teristic of wave motions and m all wave motions 
there ate successions of crests and hollows or 
troughs 

We can now define the several quantities of 
waves, which arc applicable to all kinds ol wave 
motions Firstly, theie is a velocity of wave 
motion or the speed at which the waves move. 
We define velocity as the distance in metres 
through which ciests or troughs move in a 
second The speed or the velocity of the waves 
IS usually a characteristic of the medium and 
normally remains constant For example, the 
speed of light m space remains constant and is 
3 X lOhii per second The speed of sound at sea 
level, at loom tempciature and pressure, is about 
350 meties per second Sound travels slower m 
air than in water. 

An important quantity in relation to wave 
motion IS the amplitude The amplitude of wave 
motion is the displacement between the peak and 
the mean position. For example, the amplitude 


of a wave on the sea oi m a pond, is the height 
from the level of the water (when there are no 
waves) to the peak or ciest of the wave The 
value of the amplitude of electromagnetic waves 
is the peak of the electromagnetic field strength 
with respect to the mean electric field (which is 
zero m free space). 

The third important chaiacteiistic which des¬ 
cribes waves IS the wave length The wave length 
is the distance between two successive peaks 
or two successive maxima of the electric field 
in the case of electromagnetic waves Similarly 


WAVELENGTH 


' WAVELENGTH ' 

Fig 1 22a Wave length of a longittidinal wave 

B, ate centies of two adjacent legions 
of compiession C, D, are centres of two 
adjacent legtons of larefactwn 



Fig 1 22b Wave length of a transverse wave 

All distances nunked lA ate equal and 
lepiesent the wave length A and B re- 
piesent points at winch pin tides me 
moving iipwaid or downwaid and theie- 
foie the distance between them ;i not the 
wave length 

the wave length of sound waves is raeasuicd as 
the distance between two successive maxima of 
compression of air 

Fiequency is the fourth important quantity in 
describing the wave motion. It is defined as the 
number of peaks oi crests that pass a given re¬ 
ference point m one second 
There is a simple relation between fiequency, 
wave length and velocity for all wave motion— 
whether sound, light or radio waves or waves 
in water This relation is given by: frequency 
X wave length = velocity It has already been 
mentioned that velocity is measured in metres 
per second, wave length is also measuied m 
metres and, therefore, frequency is measured as 
number per second (inveise time) Therefore, if 
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one knows the wave length and the vcloc-ity, one 
can calculate the frequency, oi if one knows the 
frequency and the velocity, the wave length can 
be calculated You can use this relationship to 
calculate the shoit wave length of a radio 
broadcasting station if the ficqucncy of the 
broadcast is given 

Stationary waves are a special case of waves 
which do not seem to move in any direction 
You can pioducc stationaiy waves in a string 
quite easily 'You will notice that the stationaiy 
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waves do not move forward or backward The 
middle of the string rises and falls while the 
two ends remain stationary The stationary 
points ill these waves arc called nodes or points 
of no motion You can generate stationary 
waves in a water tank by creating waves which 
will be reflected from one of the sides of the 
tank Two waves, viz, incoming waves and re¬ 
flecting waves, together will form stationary 
waves m water Stationary waves can also be 
produced in the case of sound and electro¬ 
magnetic waves 

We say that a wave is transmitted thiough a 
substance when it passes thiough the substance. 


Electromagnetic waves such as light or radio¬ 
waves may pass thiough space where there is 
no matter at all In such cases we say that 
electiomagnetic waves are being transmitted 
thiough space Similaily, sound waves are 
transmitted through air They can also be trans¬ 
mitted thiough watci or a solid substance 
A wave on the suiface of water is transmitted 
along the surface of water 

In transmission through a medium, waves 
can be pintially or wholly absorbed For 
c.’cample, sound waves passing through a wall 
or light waves passing thiough a dark glass, 
such as sun glasses, aic partially absorbed In 
absorption, the amplitude of the wave decreases 
as the wave tiavels through matter The decrease 
111 the amplitude of the wave in passing 
through u medium is often called attenuation 
Sometimes the thickness or distance of a 
medium, which reduces the amplitude by 1 / e of 
the incident amplitude of the wave, is called tlic 
altenuauon length of the wave m the medium 
Darkened glass has a small attenuation length 
for light waves whereas vciy transparent glass 
has a very large attenuation length for light In 
other words, light is very slightly absorbed by 
glass The absorption is so slight that it is almost 
too small to be noticed 
Another important aspect of all wave motion 
is that the velocity of propagation varies from 
medium to medium This gives use to the im- 
porlant effect of refraction or change m the 
diiection of propagation of a wave motion when 
It passes fiom one medium to another The 
change in direction is dependent on the ratio 
of the velocity of propagation m the two media 
and the angle of incidence, that is, tire angle at 
which the wave motion falls on the surface of 
the boundaiy of the two media The ratio of the 
velocities is called the refractive index 
The velocity of propagation of a wave motion 
in any medium is not usually a constant but 
varies with the wave length or frequency of the 
wave motion This effect of variation of the 
velocity of propagation of a wave motion with 
the frequency or wave length is called ‘disper- 
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sion’ If toi any medium this vaiiation of velo¬ 
city with the frequency docs not occur, that 
medium is called ‘iion-dispeisivc’ Empty space 
IS an example of a non-dispersivc medium All 
electiomagnetic waves, of whatever frequency, 
whether light, heat. X-rays or radio waves, 
travel m fiec space with the same velocity of 
300 X 10'‘m/scc Most media arc howcvei clis- 
peisive, and non-dispeisive media arc exticmcly 
raie 

You arc all familiar with the reflection of 
light from a polished suifacc Gencially, the 
tuining back of a wave from the boundary ol 
two media is called reflection The term ‘reflec¬ 
tion co-cfiicieiit’ IS often used to denote the ratio 
of the (leflected amplitude)- of a wave to the 
(incident amplitude)- of the same wave Reflec¬ 
tion occuis for all wave motion, sound oi 
electromagnetic or water waves, at the boundary 
of any two media The leflection coefficient 
however may be anything from as small as 
neaily zero to almost unity 
Examine the waves in a watei tank If you 
stait two waves at two places you would notice 
that m the region wheic both the wave motions 
occur the amplitudes of the two waves aic added 
to each othei This addition is algebraic, that is 
‘a ciest and a tiough tend to cancel each othci 
while two ciests give a higher crest and two 
tioLighs a lower trough’ This again is chaiactei- 
istic of all wave motion and is called the law ol 
addition of amplitudes (oi the law of interfer¬ 
ence) We can state the law as follows 

Amplitudes of two waves piopagatmg in the 
same medium are algebraically added 

In water and mercury tanks you can study the 
phenomenon of interfeicncc The phenomenon 
of interference occurs when the amplitudes of 
two waves of equal or almost equal wave length 
of the same direction of propagation arc alge- 
biaically added An inteicstmg example ol 
such mtcifeiencc m sound is the beat which 
you notice when two stiings of almost the same 
frequency are plucked togctlier 
A vciy common example of mteilcrence is 
the colours you sec when you put a small drop 
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ol oil m a tank of water and view the reflected 
light thiough the thin film of oil The sunlight 
reflected born the an-oil suifacc and the water- 
oil surface inteifere with each other while 
tidvcllmg to your eye Since sunlight contains 
many colours or wave lengths, the intcrlerence 
cuts out one wave length and you sec coloured 
light which IS white light minus the particular 
light which has been lost through mteifercnce 
Since by moving the position of yoiii eye you 
can choose various directions at which vaiious 
wave lengths will interfcic, you can see several 
colcuis Use a fluoicsccnt tube light in the same 
expeiimcnt and note the dark and bright intci- 
ference fringes 

We have already mentioned that all wave 
motions cairy energy This is easily seen when 
the wave motion m water produces effects such 
as the cork bobbing up and down or m the 
vibration ot the cai drum when sound tails m 
OLii eai, or when an electromagnetic heat wave 
falls on water giving up its energy to heat up the 
water The energy earned by waves of a certain 
licquency oi wave length in a medium is piopor- 
tional to the square ol the amplitude and is 
called the intensity of the wave motion The 
cneigy ot the waves is measured by taking 
waves which aie noimally incident across a 
refeience unit area per second 

Since waves move with a certain velocity and 
caiiy energy, it is icasonablc to ask whether we 
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can associate a raomeiituin with a wave. Foi 
example, a paiticle in motion having a certain 
velocity carries with it both a certain energy and 
a certain momentum (E=-lmv“ and K=mv) 
Is momentum associated with a wave"^ The 
answer is yes A wave also has a momentum 
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Energy 

which IS given by K=^-r-:— fo[ the wave) 
Velocity 

This allows us to compare the behaviour of 
waves and particles In the case of a simple 
particle of mass M moving with a velocity V, 
the energy of the particle E=-^MV-. provided 
the velocity is small compared to the velocity 
of light and the momentum K-MV. This gives 
the relation between momentum and eiieigy for 
matter Compare this to the momentum of 
waves which is K(wavcs)-E/V 

If a particle of mass M travels at a very high 
speed, that is, its velocity is very near to the 
velocity of light (3x10" metres/sec), then the 
momentum of the particle becomes not 2E/V 
but close to E/V (or E/c), This property led 
finally to the discovery that very small particles 
such as elections whose mass is 9 x 10 -''gm can 
behave like waves, as well as like particles This 
discovery m 1925 proved to be very useful in 
many ways The wave nature of electrons is 
made use of in an instrument called the electron 
microscope which enables one to sec objects 
such as viruses which are too small to be seen 
under the microscope 


All small pmticles like elections oi protons 
show this dual naluie of behaving like waves as 
well as particles One consequence of this pro- 
pcity IS that clecliomagnctic waves whose 
momenta aie comparable to electron or proton 
momenta can have collisions with these 
paiticles In these collisions, the energy and 
momenta of both the paiticles (c.g., electrons) 
and the waves (c g, X-rays) undergo change 
These changes take place in such a way that the 
total eneigy and momenta of the paiticlc and 
wave togethei aic conserved The law of con¬ 
servation of momenta is valid for waves as also 
for particles 

Waves can bend round corneis or objecls For 
example, put an iron block in water so that a 
pait of it projects above the watei surface, you 
would see that the water waves bend lound the 
comers of the metal block until finally 
at some distance from the metal the watci 
waves again join togethei. Tins is a common 
property of all waves (of bending round 
corneis) and is known as diffraction The 
condition for observing diffraction or the 
bending of waves is that the object aiound 
which bending takes place should have a size 
comparable to that of the wave length of the 
wave Diilraclion of sound waves can be easily 
observed by keeping a loud speaker at a distance 
fiom an open door and moving slowly parallel 
to the wall till there is a sudden increase in the 
intensity of the sound, Notice that you aic still 
in the sound shadow of the wall but sound 
waves now bend at the edges of the opening 
and reach your ear Dillraction of light waves 
can be observed by looking at a flourcsccnt 
light (tube light) through the thin slit formed 
by keeping the forefinger and middle fingei 
close to each othci As you move your eye 
acioss the slit between your fingers you will 
alternately see thin light and dark bands due 
to the bending of light waves at the edge of 
your fingers (See also Figure 1 25) 



Chapter 2 


The Earth 


I. Physical paiaineteis of the earth 

The earth is one of the nine major planets 
revolving m the same cliiection around the sun 
It takes the caith a year to revolve atound the 
sun and a day to rotate on rts axis Its shape 
is that of a sphciical ball slightly flattened at 
the poles, that is, its equatorial diameter is 
slightly greater than the polar diameter The 
volume can be appioximated easily by assum¬ 
ing that the earth is truly spherical Assuming 
that the diameter is roughly 12,740 km, the 
volume of the earth is nearly 10 8 x 10'^ cubic 
km The mass of the earth has been calculated 
to be above 60xl0-‘ kg Knowing the mass 
and volume, the density of the earth is found to 
be 5 5 kg/litre. The surface rocks have an 
average density of about 2 7 kg/litre as com¬ 
pared to the over-all average of about 5 5 kg/ 
litre for the earth Obviously the inside of the 
earth is composed of much denser material than 
the outer surface on which we live 

It is possible to draw an imaginary line 
through the earth in such a way that the earth 
rotates about the line as an axis, ]ust as a spin¬ 
ning top rotates around the vertical line through 
its centre The ends of this imaginary line are 
arbitrarily called the North and South Poles. 
The period of rotation is constant and the time 
taken for a complete rotation is the basis for 
our day Because of rotation, a point on the 
equator must travel about 40,000 km in a day, 
while a point exactly at the North Pole spins 
in its place, if a point can be said to spin. 

5 



Fig 2 1 The wobbling motion 
of the ecu III The geo- 
giciphical a.M', of the 
eeiilh move', in the 
tnijccloiy inihcciled by 
the small elide at the 
lop and completes one 
full clicle III 26,000 
years 


The rotational movement is not like the 
perfect spin of a slow-moving top, the earth 
wobbles The period of wobbling is quite long 
—about 26,000 years Thus the earth as a whole 
rotates, wobbles and, at the same time, revolves 
around the sun in a nearly circular path lying 
m a plane Actually the path is an ellipse, and 
tlie sun is at one of the foci The distance bet¬ 
ween the earth and the sun is approximately 
149 million km Approximately 366^ rotations 
take place during a single revolution. Like the 
period of rotation, the period of revolution is 
constant, and this defines our year The plane 
defined by the path or orbit of the earth is a 
convenient refeience, The axis on which the 
earth spins is inclined to this plane at an angle 
of 66^° or, in other words, the plane of the 
earth’s equator intersects the plane of revolu¬ 
tion at an angle of 23^°. The speed of the earth 
aiound the sun is tremendous in relation to the 
speeds we are familiar with on the earth. This 
speed IS 29 6 km per second (18 5 miles/ 
second) Since the sun is 149 million km away, 
the earth’s orbit is approximately 928 million km 
(580 million miles). This distance is tiaversed 
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by the earth in 365^ or 365 25 x 3600 seconds, 
giving a velocity of 29 6 km/sec. 

We have so fai considered the inovement of 
the earth with lefeience to the sun Is the sun a 
stationary body or is it also speeding through 
space? This can be determined only by consi¬ 
dering the position of the sun with reference to 
the other stais 

The earth is one of the nine major planets 
revolving around the sun It is difficult to cite 
features that make it lemarkablc among the 
nine Perhaps its chief claim is that it is the 


densest ot all Table 2 1 summarizes some of 
the major features ol the sun’s family. 

All the planets ievolve in appioximatcly the 
same plane as the eaith and in the same 
direction 

Figme 2,3 illnstiatcs the lelativc sizes of the 
planets If the orbit of Pluto, the outermost 
planet, is rcpicsentcd by a circle which is a mile 
in diameter, diawn on a flat field, then the sun 
could be leprcsented by a ball having a dia¬ 
meter of 8 inches near the centic of the circle, 
and the earth by a ball of aboul the size of a 
ball-bearing shot, 125 feet from the sun 

Of all the bodies in our solar system, only 
the sun pioduces its own light The suiface 
Icmpeiature is about 6000°C and its interior is 
probably a few million degrees. Its surface is a 
laging whiilpool of white-hot gases. Because of 
its self-luminosity the sun is called a star The 
sun is situated In a spiral galaxy called the 
Milky Way (Figure 2 4) composed of many 
millions of stars 

The origin of the eaith is intimately connected 
with the oiigm of the solar system. All the 
planets of the solar system revolve around the 
sun m the same direction and nearly in the 
same plane These dynamical regularities and 
the physical characteristics of the planets indi- 


TABLE 2.1 

Major Features of the Sun’s Family 


Name 

The propoiUonal distance 
from the sun in relation 
to the sun-eailh distance 

Pci lod 

Diameter 
(in miles) 

Relative 

mass 

Specific 

gravity 

Number 

of 

moons 

Mercury 

0,39 

88 days 

3,100 

0 055 

4.8 

0 

Venus 

0 72 

255 days 

7,700 

0 79 

47 

0 

Earth 

1 0 

1 year 

7,900 

1 00 

5 5 

1 

Mars 

1 5 

1 8 years 

4,200 

0 11 

40 

2 

Jupitei 

5.2 

11 9 yeais 

88,000 

317 

1 2 

11 

Satuin 

95 

29 5 years 

74,000 

95 

07 

9 

Uianiis 

19 2 

84 years 

32,000 

14 7 

1 3 

5 

Neptune 

30 1 

165 ycais 

31,000 

17 2 

1.6 

2 

Plulo 

39 5 

248 years 

4,000 

0 8 

50 
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Fig 2 4 The place of the sun in the Milky Way 


caLe that the entiie solar system was perhaps 
cieaLed at about the same time by the same 
piocess 

The Rcvuliilion of Satellites and the Rotation 
of Planets 

In recent ycais theic has been a considerable 
addition to the number of hypotheses proposed 
to account for the origin of the solar system. 
None of the theories propounded so far have 
satisfactorily explained all the important 
features of the solar system 
The various processes that have been suggest¬ 
ed for the formation of the solar system can be 
broadly ascribed to two schools The fiist one 
believes in the gradual evolution of the solar 


system and the other believes that some sudden 
and violent action must have given rise to the 
solar system 

The eaihest theory was proposed in 1755 by 
Immanuel Kant, a German philosopher He 
supposed that the sun was originally at the 
centie of a nebula (a hot gaseous cloud) that 
was rotating around the sun under its gravita¬ 
tional attraction. Collisions between the sepa¬ 
rate particles caused the nebula to flatten out 
into a disc. The matter m this disc gradually 
collected round the denser portions, forming 
a number of planetary systems Kant supposed 
that m each of these systems a similar evolution 
took place giving rise to sub-systems 

Laplace, who was unawaie of Kant’s theory. 
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published his somewhat similar hypothesis in 
1796, and foi a centuiy it enjoyed unique 
populauty He was influenced by two impoitant 
factois (0 E\istcncc of nebulae in the universe, 
(u) The ling system of the planet Satiiin 
As the basis of his theory Laplace assumed 
that far back in time the sun was a gieat gase¬ 
ous globe with a dense nucleus suriounded by 
atmosphere He supposed that the nebula 
was rotating, and due to the giavitational 
attraction, it coiitiacted, thus speeding up the 
rotation When the centiifugal force of the 
lotating outer run exceeded the gravitational 
pull of the centra] region, a ring was thiown off 
as mud is thrown oh a rotating wheel The 
gaseous mattei thus thiown of! condensed into 
planets. Saturn’s rings are cited as examples of 
lings thrown off but not condensed into satel¬ 
lites These rings of matter, supposed to have 
slowly collected into a single aggregation of 
gaseous matter, on further condensation and 
cooling, developed into planets revolving in 
circulai or elliptic oibits around the sun Such 
shrinkages of tlie solar nebula and the conse¬ 
quent incieased lotation resulted at the forma¬ 
tion of successive planets, An alternative theory 
has also been proposed that the planets repie- 
sent condensation of matter torn out of the sun 
by the gravitational attiaction of a passing stai 
which happened to come close enough to the 
sun in Its passage Howevci, these vanous 
theories aie by no means all the possibilities 
We still have no way of saying exactly how the 
planets were formed 

Relwj Features 

The majoi lelief features oi surface irregu¬ 
larities of the earth are the oceans and conti¬ 
nents About |th of the global surface is under 
water and the rest is land The land is mainly 



Fio 2 5 The various typical levels of the enith's 
sill face fioin the lushest inoiiiUain peak to 
the greatest ocean depth 


concentrated in the Noithern Hemisphere 
while the Southcin Hemisphere is almost com¬ 
pletely covered by oceans Hence these aie 
called the land hemisphere and the sea hemi¬ 
sphere, lespectivcly 

The continental platform and the ocean plat¬ 
form are the two dominant levels The slope 
connecting them includes a submerged outer 
bolder termed as the continental shelf, which 
extends beyond tbe shore zone to an average 
depth of 200 metres Figure 2 5 shows tbe 
various typical levels, right fiom a mountain 
peak to the ocean deeps 

The continents are broad platforms that rise 
steeply from the ocean floors, and have an 
average elevation of about half a mile above 
the sea level In some places the water is 
shallow for a considerable distance Irom the 
shore Ime, befoie the descent to the ocean floor 
really begins These areas of the conlinental 
shelf aie considered a pait of the continent, the 
implication being that they belong to the conti¬ 
nent, but are just submerged in the sea The 
details of the suifacc features of the continents, 
the familiar forms such as mountains, plateaus, 
and plains are given below for reference in 
classifying boidcrhne cases. 


Mountains: Conspicuous elevations with small summit areas 

Plateaus Surface areas that rise above their surroundings and have large, 
comparatively flat summit areas 

Plains: Broad regions of low relief that do not rise conspicuously above 

their surroundings 
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The following table gives an idea about the relief 


Mount Evcicst, the greatest known height 
Sire Deep, the greatest known depth 
Average heiglit ot the land 
Average depth of the sea 

Continental Pkitfonn. Most of the continents 
are chaiacteiized by the presence of lofty 
mountain ranges along one or more of their 
maigiiis and by extensive plains in the interior 
The major mountain systems are in two great 
bells' (0 the ‘Cireumpacilic’ system is close to 
the Pacific along the west of North and South 
Aincnca and is much less pronounced along 
the east of Asia, (u) the ‘Alpinc-Himalayan’ 
system runs along the southern part of Eurasia 
The Alps, Himalayas, Urals, Andes and the 
Cordilleran of N America are conspicuous in 
the first of these belts The maior earthquake 
and volcanic belts run parallel to these belts 

Plateaus are elevated large surface areas, 
moie or less flat, that use above their surround¬ 
ings The Deccan Plateau, the S African 
plateau and the Tibetan Plateau exemplify such 
features of the earth Plains on the other hand 
arc broad legloiis of low elevation that do not 
rise conspicuously above their surroundings 

M. The oceans 

The oceans constitute the hydrosphere, 
covering nearly 72 per cent of the surface of 
this planet 

The area of the oceans, including adjacent 
seas, is 361 million km“ The areas of the chief 
oceans arc The Pacific (179 6 million km“), 
Atlantic (106 5 million km*), Indian (75 mil¬ 
lion knT) The several marginal seas, bays and 
gulfs have a total area of 48 million km®, of 
which the Arctic Ocean covers 14 million km® 
These are included in the areas of the tliiee 
great oceans given above The total amount of 
water contained in all the oceans and seas is 
1370 million km® (1400 million km® according 
to another estimate) 

The noithein hemisphere has a larger area 
of land than of water, while the reverse is the 


8,840 metres above sea level 
10,800 mctics below sea level 
825 metres above sea level 
3,800 mctics below sea level 

case in the southern hemisphere Land and 
water aie loughly antipodal to each other 
The continental margins towards the oceans 
aie of two types' folded, and fractured 
The Pacific Ocean is surrounded by folded 
mountains along its entire margin and the 
mountains aie mostly of the Tertiary Age and 
arc thrust towards the ocean The coasts around 
the other oceans arc fiactured and faulted, but 
the stiuctuies may be covered m some cases by 
sediments deposited after the fractures took 
place The structures on land sometimes termi¬ 
nate abruptly at a coast and their counteqiait 
is occasionally picked up on the opposite coast, 
this applies particularly to South America and 
Afiica 

A section across the oceans shows the 
following featuies. Commencing from the shore 
there is a gently sloping terrace, the continental 
shelf It has an average width of 70 km but 
varies from 40 km to over 500 km in different 
places. The total length of the continental shelf, 
along all the continents, is of the order of 
100,000 km and its average slope is 1 540 (i e , 
about 7 minutes from the hoiizontal) The 
average depth at the edge of the shelf is 130 to 
150 m, though some authorities put it at 200 m 
or 100 fathoms The area of the sea floor bet¬ 
ween the shore and the 100-fathom line is 
about 28 million km® This is the most im¬ 
portant active region of the globe where geolo¬ 
gical processes are most active and organic 
life competes fiercely for space 
At the edge of the continental shelf the 
bottom slope increases abruptly to an average 
of 1 15 (a little less than 4°) and gradually 
flattens and merges into the abysmal ocean 
bottom at a depth of around 3000 m There 
are extensive deep-sea areas, called the abyssal 
plains, at depths of 5000 to 7000 metres which 
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are exceptionally flat and smooth These lie on 
cithei side of the Mid-ocean Ridges which lun 
along the middle of the ocean basin halt-way 
between the continental masses. 

The area of the continental shelf is called the 
littoial zone and that of the continental slope 
and deep ocean, the benthic zone As life 
provinces, the watcis ovci the littoral zone 
constitute the neiilic pwvincc, and those over 
the bcnllnc zone, the deep and shallow pelafzic 
provinces The nciitic and the shallow pelagic 
provinces aic constantly in motion, being influ¬ 
enced by the winds and surface cuiients As 
these piovinces arc amply supplied with 
oxygen, and well lighted by the sun, they aic 
densely populated by fiee swimming animals 
and floating plankton 

The features of the ocean bottom aic on a 
grander scale than those on land, but being 
piotcctcd from the forces active on land, they 
are fai more smooth and lounded The mean 
depths of the thicc major ocean basins aie 
Pacific, 4282 m; Indian, 3963 m; Atlantic, 
3926 m Thus, though the Pacific is laigei than 
either of the othei two oceans and contains the 
gieat deep tienches, its mean depth is not 
stiikingly diflerent Nearly half of the oceanic 
area has a depth of about 3900 m, the other half 
being deeper or shallower The following table 
shows the percentage of the area between 
specific depth levels 

TABLE 2.2 

Depths or Ocean Areas Inciuding 
ADIACENT StAS 

(In peicentage of the total aiea of each) 


Depth (in) 

Alhiiiln 

Pacific 

huliaii 

All 

oceans 

0-200 

13 3 

57 

42 

76 

200-1000 

7 1 

3 1 

3 1 

43 

1000-2000 

5 3 

3 9 

3'4 

42 

2000-3000 

8 8 

52 

74 

68 

3000-4000 

18 5 

18 5 

24 0 

19 6 

400Q-50QQ 

25 8 

35 2 

38.1 

33 0 

5000-6000 

20 6 

26 6 

19 4 

23 6 

6000-7000 

— 

02 

0 1 

— 

Ovei 7000 

— 

02 

0 1 

— 


Coricsponding to the mountain chains on 
land there are several long, naiiow, deep 
trenches in the oceans, particiilaily in the 
wcslcin part of the Pacific These lie close to 
the island chains (Island arcs) The maximum 
depths measured by the Russian Oceanographic 
vessel, Vitiyeiz, m several of these tienches are' 


Ttench 

Depth (in) 

Mananas 

11,034 

Tonga Islands 

10,882 

Kurile Islands 

10,542 

Philippines 

10,265 

Kcrmadcc 

10,047 

Bonin Islands 

9.810 

Bougainville 

9.140 

Yap Islands 

8,527 

Japan 

8.412 

New Britain 

8.320 

Palau Islands 

8.138 

Chile 

8,039 

Aleutian Islands 

7,679 

New Hebrides 

7.570 


The following aic some of the comparative 
figuies for land The mean height of all land 
is 700 m above sea level More than half the 
land (56 per cent) lies below 500 m, and half 
of this again lies below the altitude of 200 
metres The highest peaks are in the Himalays 
and Kaialcorum, Mount Everest being 8,848 m 
high If all the land above and below sea level 
were levelled uniformly to the same spherical 
surface, the ocean waleis would form a layer 
2,600 m thick 

Geneuil Feat arcs of Oceans 

Submarine topography shows irregularities 
similar to the mountains, plains, plateaus, 
basins, etc, present on land The most specta¬ 
cular feature discovered in the oceans during 
the last decade is the Mid-ocean Ridge system. 
This IS a great mountain system running conti¬ 
nuously along the middle of the Atlantic, Indian 
and Pacific Oceans The course of the Mid¬ 
ocean Ridge is as follows: starting near the 
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mouth of the Lena River in the Aictic Ocean 
it runs between Canada on the one side and 
Sibciia and Scandinavia on the other, through 
Jan Mayer, Iceland, the Azores Plateau, St. 
Helena, Tristan da Cunha and Bouvet Fiom 
here it passes between Antaictica and South 
Afiica into the Indian Ocean to Reunion 
Island It continues northwards as the Cails- 
berg ridge to the Gulf of Aden From Reunion, 
the iidge runs to the south and south-east 
thiough Macquarie Island and joins the East 
Pacific Rise (Easter Island) Fiom here one 
branch runs into the Gulf of California while 
the mam iidge becomes the Mid-Pacific Moun¬ 
tain System, the Tuomotu and Chiistmas Island 
archipelagos aie paits of this system 

In the Atlantic and Indian Oceans, the Ridge 
IS 600 to 1000 km broad, the central zone being 
mountainous and rugged Along the crest of 
this zone there is a sunken valley (rift valley) 
10 to 30 km wide and over 1000 m deep m 
places This is marked by volcanoes and 
shallow focus eaithquakes at many places. The 
top of this ridge generally is within 1500 to 
2000 m of the sea level but in several places 
comes above sea level and forms islands, e.g, 
Azoies, St Helena, Bouvet in the Atlantic, 
Reunion, New Amsterdam, etc., in the Indian 
Ocean, Easter Island, Tuomotu, Marshall 
group, etc, in the Pacific 

The abyssal plains, forming the deep, flat, 
expanses of the ocean bottom, correspond to 
the plains on land They range m depth from 
3500 m to 6000 m They are virtually level and 
very smooth and cover an area of about 
268 km^ 

Sea mounts and guyots occur on the sub¬ 
marine ridges individually and in groups They 
are conical mountains of volcanic rocks. 
Guyots are truncated cones of volcanic rocks 
with level tops Some rise above the sea level 
but many have their tops 1200 to 1500 m 
below sea level, showing that their crests were 
oiiginally above sea level, but were levelled 
down finally as they sank to their present 
positions. 


Several large faults occur in the ocean floor 
of the Pacific just west of Noith and Central 
Amciica The major ones occur from north to 
south and arc called the Mendocino, Murray, 
Claiion and Clipper ton faults The present 
steep scarps arc over 1 km high. The East 
Pacific Rise and the Mid-Atlantic Ridges near 
the equator also show several transverse faults 
There are numeious shallower basins along 
the margins of the oceans Such are the Medi¬ 
terranean Sea, the North Sea, the Gulf of 
Mexico, the Black Sea, etc The Caspian Sea 
was formerly connected with the Mediter¬ 
ranean, while the Baltic Sea was much deeper 
The marginal basins are shallower than the 
oceans and m some cases may have local 
peculiarities For instance, the Red Sea has high 
salinity and high surface temperatures because 
it IS hemmed m by deserts The Baltic sea has 
low salinity, due to the dilution by river waters 
A few pit-hke depressions and basins have 
devclojDed peculiar conditions because of their 
deeper parts being stagnant The lower layers 
of water m the Black Sea, the Kaoe Bay in 
Halmahira Island and some of the Norweigian 
fiords, contain low oxygen or even hydrogen 
sulphide The Black Sea water contains consi¬ 
derable amounts of hydrogen sulphide (4 to 
6 Clip per litre of water) and the bottom 
deposits are a sulphurous black mud 
The Island A/cs constitute a very interesting 
feature on the ocean margin They are found 
in front of the continental masses with young 
mountains thrust towards the ocean There are 
several of them in the Western Pacific. Those 
which formerly existed on the western margin 
of the Americas have been incorporated in the 
continents The West Indies (Antilles) and 
Scotia (connecting S America and Antarctica) 
occur between the continents and are parts of 
mountain systems which are still in the making 
The Island Arcs are thought to indicate a 
very early stage of continental growth They 
are segments of circular arcs with a deep narrow 
trench on the convex side and a line of volca¬ 
noes on the concave side. They are located at 
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Ihe suiface ot a plane or zone dipping under 
the continents, along which earthquakes occui 
at various depths down to nearly 700 km. 
Volcanic materials rise along these planes and 
contribute to the growth of the arcs. Some of 
these island chains aie nearly straight, like the 
Tonga-Keimedec chain, some arc broad arcs 
like the Kuriles and Mananas, some arc 
sharply bent like the Banda Aic (eastern part 
of the Indonesian Archipelago) and the Scotia 
Arc (connecting S America and Antaictica) 

I 

Propcities of Sea Water 

The properties of sea watei aie dilleient 
from, those of fiesh water 

Colon) The colour of sea water depends on 
the nature and amount of suspended nialeiial 
in It. Cleat deep water as tliat of the Saigasso 
Sea (Central N. Atlantic) is an intense blue 
When the water contains a small amount of 
sediment or plankton, the colour is light blue 
and blue-green. As the amount of suspended 
material incieases, other colouis like brown, 
red, and yellow are seen The red colour of 
the Red Sea is due to red algae Diatoms 
produce a light olive green colour Some algae 
impaiL a turbid milky colour. The silt of the 
great rivers like the Congo, Indus, etc, gives 
red or brown colour to the water which flows 
into the sea. The Hwang-Ho contributes 
yellow mud to the Yellow Sea Most other 
rivers contribute clayey sediments of a buff 
(muddy) colour. 

Transpa\ency. The transparency of sea 
water depends on the amount of suspended 
matter. In open oceans, which aie far from land, 
there is very little suspended material and the 
water has high transparency Near the shores 
the transparency is poor In clear water 50 per 
cent of the light is absorbed within a depth of 
10 metres while 90 per cent is absorbed by the 
time it reaches 70 m or so No light penetrates 
beyond a depth of 300 metres even with the 
tropical sun overhead. 

TempcraUi) c. The oceans show a temperature 
range between -2°C and 35°C. The surface 


temperature varies from 0°C near the poles to 
30°C at the equator The (ncaily) fully enclosed 
tropical basins may show a maximum tempera- 
tme of 35° or 36‘'C (Red Sea, Persian Gulf) 
A quarter of the ocean surface (i e , in the 
tropics) has a temperatuic above 25°C. The 
average temperature of the ocean surface of all 
areas is 17° to 18°C. 

The water retains the surface lempeiature 
till a depth of 20 to 30 m At a depth of 400 m, 
the temperature in the tropical and semi- 
temperate seas is 10° to 15 °C In all the deep 
oceans the temperature is between - 2° to 
+ 3°C, mostly very near 0° 

Salinity Salinity varies from 33 per cent 
(parts per thousand) in the noith polai area to 
36 per cent in the tropical zone. The salinity is 
reduced by melting ice in the polar aiea and is 
increased by evaporation in the tropics Higher 
values aie got in the Red Sea due to excessive 
evapoiation. 

About 8 major ions or 7 salts make up most 
of the dissolved salts in sea water. 

Pans per thomand 

Ions in solution Salts in solution 


ci- 

18 98 

Na Cl 

27 21 

Br- 

0 065 

Mg Ch 

3 81 

SO,-' 

2.65 

Mg SO, 

1 66 

HCO,- 

0 14 

Ca SO, 

126 

Mg++ 

1 27 

K,SO. 

0 86 

CA++ 

0 40 

Ca CO, 

0 12 

K+ 

0 38 

Mg Br, 

0 18 

Na+ 

10 56 

— 

— 


The other elements found m very small quantities 
aie: 



Parts per million (mg pci 

kg of sen 

! water) 

C 

28 

N 

0 7 (to 0 01) 

Sr 

13 

At 

0 5 

B 

46 

Rb 

02 

Si 

4 0 (to 0 02) 

Li 

0 1 

F 

14 



P, Ba, I, As, Fe, Mn, Cu, less 

than 0 1 

down to 0 01 

Zn, 

Pb, Cs, U, less than 0 01 

down to 

0 001 


Mo, Th, Ge, Ag, V, La, Ni, Yt, less than 0.001 down 
to 0 0001 


Se, Hg, Au (0 000006) Ra, Cd, Ci, Co, Sn, etc, less 
than 0 00005 
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Density The average density ol the surface 
of sea water vanes from 1 022 lu the tropics to 
1 028 in the polar region Sea water goes on 
cooling and increasing m density right down to 
the freezing temperature, a few degrees below 
zero Sea water may begin to crystallize at 
-2°C 01 slightly below The crystallizing ice 
expels the salts in solution which inciease the 
salinity of the neighbouiing water Though 
polar surface waters may have a temperature of 
-2° to -3'C, the bottom waters in the abys¬ 
sal depths of the oceans have a temperature 
mostly between - T’C and +2°C 

Movement oj Wcitei. Cnnents 

Currents in the sea are pioduced by the 
difleiences in salinity (density), by winds 
and by alteiations in the atmospheric pressure 
The currents aie deflected to the right in the 
Northern Hemispheic and to the left m the 
Southern Hemisphere, due to the lapid lotation 
of the earth on its axis 
A wind with a constant velocity acting on a 
mass of water produces a cuuent The velocity 
of the current and its amplitude depend on the 
velocity of the wind The cutient becomes 
lapidly weaker in the deeper regions At a 
depth of 200 m its velocity is baiely 4 per cent 
of that at the surface and its direction is at a 
large angle to the suifacc cuirent. In shallow 
seas near the coast the curient is practically in 
the wind direction and is also influenced by 
the configuration of the coast 

Warm tropical waters expand and flow 
towards the poles In the tropical Atlantic, 
north of the equator, the curient flows towards 
the Gulf of Mexico Therefrom the Gulf Stream 
flows north and north-cast and turns east near 
Newfoundland, flowing by the British Isles and 
then along the Norwegian coast The surface 
velocity varies from 1 5 to 2 m per sec and may 
occasionally attain 3 m per sec The current 
splits some distance south-west of the British 
Isles and the southern branch flows along 
West African coast, finally merging with the 
equatoiial curient 
6 


A cold cuirent flows from the Arctic, along¬ 
side Greenland to the Labrador coast where it 
meets the Gulf Stream There is a lot of mist 
and fog ill the aiea wheie the currents meet. 

Cold currents irom the Antarctic seas flow 
fai north into the temperate zone of the Pacific, 
Indian and Atlantic Oceans wheie they use to 
the surface Antarctic waters are believed to fill 
all the deep ocean basins 

There are surface cuuent systems m each of 
the three great oceans There are also deeper 
currents, particularly m the lower latitudes, 
flowing in a direction opposite to that of the 
surface cuiients The water transported by 
some of the currents is (in million km'’ per 
second); Gulf Stream oil N Amcnca—90, 
Kurosliio cuirent oil Japan—20, N Pacifiic 
current fiom Japan to N America—40, circum¬ 
polar Antarctic current—100 
Ocean cuirents transport enoimous quanti¬ 
ties ol plankton which serve as food to the 
marine animals They also bring dissolved 
oxygen to the deeper waters The deeper cur¬ 
rents are denser than the surface curients 
Currents play a very important part m the water 
circulation, salinity and distribution of life in 
the marginal seas Two or three examples are 
given below. 

The Meditenaneun Sea 
Though this occupies a large area of over 
2 million km" it has virtually only one outlet 
at the Stiaits of Gibraltar 
It IS connected on the cast with the Black Sea 
and the Red Sea, and is hemmed in by land, 
of which the southern portion is mainly a desert 
Evaporation of water far exceeds the supply 
by lain and rivers, by about 3000 km''’ per year 
Water level in the western Mediterranean is 
15 to 30 cm below that of the adjacent parts 
of the Atlantic As a result, at the surface 
theie IS a powerful flow of water from the 
Atlantic, at a velocity of 4 km/hour. The 
Rocky Will m the Stiaits of Gibraltar is at a 
depth ol only 400 m The salinity of the 
Meditenancan is 38 to 39 parts per thousand 
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aud this IS mauilained by an oulflow of watei, 
just above the sill The Mediteiutnean water 
has been detected in the Atlantic at depths of 
400 to 1000 m aud foi a distance of 200 to 
300 km from Gibi altar, beyond which it be¬ 
comes completely mixed with the less saline 
Atlantic watei The water budget of the Medi¬ 
terranean IS roughly as below. 


Gni/ii (km'lvem) 

Inflow fiom the 
Atlantic 54,000 

Inflow horn the 
Black Sea 400 

Piecipitalion (lain) 1,000 

River inflow 200 


Lowes ikni'jyeai) 


Oulflow to the 


AlUntic 

52,0(10 

Outflow lo the 


Black Sea 

200 

Evaporation 

3,400 


55,600 55,600 


The salinity of the Meditciiaiican docs not 
increase because the balance is kept by the in¬ 
flow and the waters arc well mixed by the 
currents and tides. 


The Black Sea 

The Black Sea is connected with the Meditcv- 
lancan thiough the Bosporus which is a vciy 
restricted channel. Tlic precipitation here is in 
excess of evaporation and therefoie the outflow 
IS more than the inflow from the Mediterianean 
As the surface water is of low salinity, it docs 
not sink and therefore the deep basin, especially 
below 150 m, is stagnant Light, low-sahnity 
water flows out to the Mediterranean at a 
mean velocity of 4 km/hour The inflow from 
the Mediteiranean at the bottom of the channel 
teaches a velocity of 7 to 8 km/houi m the 
narrow part The salinity of the outflow is 
18 per cent while that of the inflow is 38 per 
cent. 

The oxygen content of the Black Sea dimi¬ 
nishes rapidly below a depth of 50 m The H,S 
appears and increases in the deeper parts to 
aiound 4 cm''/htrc, reaching a niaxiimim of 
6 cnT/htrc at the bottom (2000 m). There is no 


life below 100 m except the anaerobic bacteria 
including siilphui bactciia. The soft paits of 
animals aic decomposed aud the hard parts 
sink to the bottom and aic preserved The 
deposits arc dark green to black, and rich in 
organic matter and sulphur 

The Red Sea 

Full data about this sea aic still lacking, but 
will soon be available as a result of the work 
of the siiips engaged in the current Indian 
Ocean Expedition. This basin is 1800 km long 
(12" to 30"N latitude) and 270 km wide The 
bottom which is at a depth of 700 km is 
irregular. In the north-west, the Red Sea is con¬ 
nected to the Mediterranean through the Bittei 
Lakes and the Suez Canal In the south-east arc 
the stiails of Babel Mandeb, connecting it with 
the Gulf of Aden and the Arabian Sea Just 
inside the straits is a sill of lock at a depth of 
only 100 m. Recent observations show that 
there ate some hot springs at the bottom, espe¬ 
cially on the north-eastern side 

From November to March, winds blow fiom 
the NNW and bring in the water to the south. 
From April to October there is only a feeble 
NNW wind in the northern pait, but a SSE 
wind blows from the Auibian sea The two 
winds meet at about a latitude of 20° N and 
produce the eddy and the tiansveise cuirents. 
The surface tempciatuie of the watei is 
aiound 30°C, but it diminishes in winter to 
18“C in the northern half The deeper 
waters have a raoie or less unifoun tempeia- 
tuic of 21' to 22°C and a salinity of 40 to 41 
per cent 

The exchange of water through the Suez 
Canal is negligible but the outflow through it is 
highly saline (50 to 55 per cent) because the 
Bitter Lakes are underlain with beds of salt 
which had been deposited before the canal was 
cut During the winter, watei flows in from the 
Gulf of Aden on the surface to the extent of 
0.58 million in' per sec, with a simultaneous 
outflow over the sill of about 4 48 million ni" 
per sec The intense evaporation from the Red 
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Sea necessitates this net inflow Though all the 
fads on the watci budget of the Red Sea are 
not available, the average annual loss by evapo¬ 
ration IS lepiesented by a 3 5 m thick layer of 
watei over the whole area 

Waves 

Winds pioduce oscillatoiy movements m 
watei Shoit suifacc waves gencuilly have a 
small amplitude and die out at a small depth 
Long waves affect the deeper wateis, e g, a 
wave with a wave length of 180 m and surface 
amplitude of 6 m at the suiface has an ampli¬ 
tude of 1 5 m 01 less at 40 m depth and about 
0 5 m at 200 m depth. 

Ocean waves do move water masses foiwaid, 
especially ncai the sutfacc High short waves 
transpoit larger masses of water than low long 
waves 

For a given slicngth of wind Ihcie is a 
maximum size of wave. The maximum can be 
attained only if the water depth is 200 m or 
more, and only giadually, after several hours 
In stiong winds the wave velocity is 1 5 times 
that of the wind velocity It is also nccessaiy to 
have sufficient length of fiee suiface (‘fetch’) 
for the wave to develop fully 

Fo! wind huvins a velacily of 6 kin pci hoiii 

Length of ficc water (fetch) Maximum height of the 

wave (amplitude) 

(m kilomctics) (m metres) 


5 

0 9 

10 

1 4 

20 

20 

50 

3 1 

100 

4 2 

500 

62 


Swells 

Swells are large waves genet ated by stoims 
or earthquakes winch travel outside the area 
of their generation They are felt as stiong, 
heaving motion Swells develop heights of 
several metres but do not show sharp crests. 


The wave length us often some scores of metres, 
occasionally 500 to 800 m, with penods from 10 
to 30 sec. Two or more sysLcms of laige irregu¬ 
lar waves arc pioduced by gales and stoims in 
which the winds frequently change m dnection 
and slicngth. The sraallci waves aic suppressed 
and the large waves piedominatc The latter 
generally travel far outside the area of storm 
and arc felt as swells As they travel, the period 
of the waves geneially incicases, while the 
height diminishes As the long-period swells 
tiavel fast, lliey aie felt far away fiom the 
soiiice, while the short-peiiod swells and waves 
aie left behind and are soon dissipated 

Tsunamis 

These are great ocean waves generally created 
by large landslides, slumping of eaith masses in 
the sea. volcanic eruptions and submarine oi 
coastal earthquakes Tsunamis have large ampli- 
ludc (5 to 10 metres amplitude is not un¬ 
common) while exceptional heights of 25 to 
30 m have been recorded, as m the Krakatoa 
eruption in 1883 and m some great Chilean and 
Japanese eaithquakes The wave length is of 
the order of 100 km, with a velocity of 
200 m/sec (720 km/hi) After a submarine 
earthquake m a region, theie is first a with¬ 
drawal of water, followed after a short period 
by a great wave which advances on land 
like a wall of water. Seveial waves of decreas¬ 
ing amplitude follow, destroying everything on 
their path 

Waves appioaching the coast 

Waves advancing over a sliclvmg coast arc 
impeded at the bottom The ciests become 
ciowded, the front becomes sleep and culls 
over, resulting in bieakcis 

When the depth of water rs halt the wave 
length, the bottom of the wave ts impeded, 
while the top advances and the height increases. 
The front of the wave becomes progessivcly 
steeper and the top curls over and breaks into 
a spray There is a considerable increase in the 
height of the long-peiiod wave near the coast. 
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Waves appioachiiig the coast obliquely be¬ 
come parallel to the coast In this case, the side 
of the wave nearest to the coast flist experiences 
retaidation. The wave piogiessively sweives 
and bleaks practically parallel to the coast 
This (always) happens, even m an arcuate bay 
or on both sides of a cape When waves 
advance obliquely, a long-shoie current is 
developed 

Tides 

The legular use and fall ot watci level 
111 the seas gciieiates waves which arc known 
as tides. They are caused by the attraction 
excited by the moon and the sun on the earth 
The mass of the earth is 80 times that ot the 
moon which is at a distance of 240,000 miles 
(386,000 km) from the earth’s centre The 
centie of gravity of the earth-moon system lies 
Miithin the earth at a distance of about 3000 
miles (4800 km) from the centre The moon 
revolves aiound this centic of gravity in 27.3 
days which is the duration of the lunar month 
The tidal force at the point where it is 
maximum, is only 1/9,000,000 of the force of 
gravitation of the earth 

The moon’s attractive force is maximum at 
the point on the suiface of the earth lying on 
the line connecting the eaith and the moon 
This raises the ocean water at that point and 
along the meridional line marked on the 
eaith’s suiface by the vertical plane containing 
the earth-moon line At the other points on the 
earth’s surface the tidal force is oblique 

Moreover, as the moon’s path is oblique to 
the equatorial plane of the eaith, the tidal 
force experienced at any point on the earth’s 
surface varies from day to day. 

The sun also exerts a tidal pull on the earth 
Though the sun is of a huge size it is so fat 
away that its effect is only 46 6 per cent of that 
of the moon, because of the fact that tidal 
force varies inversely as a third power of the 
distance When the sun and moon ate along 
the same direction, (i e, during the new moon 
and full moon) the total force is 1 } times that 


of the moon: but when the line connecting 
them with the earth makes a right angle (as at 
the end of the first and thiid quarters) the force 
IS reduced to half that of the moon. The 
maximum and minimum tides produced during 
the lunar month are called the spring and 
map tides 

The tidal efl'ect pulls the ocean water up from 
its surface at two points, one ncaicst the moon 
and the other antipodal to that point As the 
moon goes round the earth these two bulges 
travel with it as high tides, so that during the 
period of one revolution of the moon around 
the earth (24 hours and 50 minutes) there are 
two high tides with two low tides in between, 
though the obliquity of the moon’s path pro¬ 
duces, in general, one high tide and one low 
tide per day 

Tides ate felt in the open ocean as broad 
swells They attain some dimensions when they 
approach the coasts or pass thiough com- 
paiatively nairow paths At narrow entiances 
with funnel-shaped estuaries or gulfs, the 
massing of the wateis and resonance pheno¬ 
menon (which depend on the peiiod of the 
waves, velocity and dejitli of the bottom) may 
generate high waves, e.g , in the Bristol Channel 
m England the waves me 10 m, at St Malo and 
Ranee Estuary in Fiance, 12 m, m the Bay of 
Fundy in Canada, 15 m 

Tides are felt in lakes also The range of the 
tide depends on the length of the lake, cast to 
west, the shape of the basin and the depth of 
water, as the period of fiee oscillation of the 
water can cause intensification or lessening of 
the tidal effect 

Tidal ‘bores’ occur m iivers which have 
developed shoals near their mouth These 
shoals help in building up a wall of water 
which rushes up the river, causing heavy 
damage Bores may travel at 5 to 7 m per 
second. The Severn Estuary in England is noted 
for its bores The Amazon often develops 
bores 4 or 5 m high. Occasionally bores are 
experienced in the Hooghly and the Meghna 
m India and Pakistan, respectively 
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Maiiiie Deposits' 

Most of the deposits found in the oceans are 
derived from the land areas Mai me animals 
form impoitant deposits, especially those 
which build large reefs witli their skeletons, 
(corals, bryozoa, crinoids, molluscs) These 
deposits are left behind by the dead animals 
Free-swimmmg organisms like algae and for- 
manifeia also foim important deposits. A 
little extraterrestrial matter, i e, meteorites 
and meteioiic ‘dust’, also contiibutes to the 
sediments. 

The thickest deposits aic of terrestiial oiigin, 
VIZ, sands, clays and calcium carbonate They 
aic found mainly on the continental shelves 
and to some extent on the slopes 

It IS of interest that in some deep sea bottoms 
there are fairly iich deposits of manganese 
oxide nodules These must have accumulated 
by the slow precipitation of the manganese 
content of the sea waters and by segregation 
from the sediments over long periods The.se 
nodules contain also some nickel and cobalt 
Such manganese nodules and incrustations are 
also found on the sea mounts and guyots of 
the Pacific and Atlantic Then dimensions go 
up to a metie m diameter The nodules arc 
found only on the surface and not m the lower 
poitions of the deep sea deposits 

Another interesting fact about the deep sea 
sediments is that the fossils found in them aie 
not older than the cretaceous Though there is 
a school of thougl^t which strongly believed that 
the Atlantic and Indian Oceans were formed 
only m the Jurassic and Cretaceous periods as 
a result of the splitting up of the old Gondwana 
continent and the drifting of its fragments, 
everyone agrees that the Pacific is an ancient 
ocean Yet the Pacific has nowhere yielded 
sediments of the Pre-cretaceous Age It may be 
that the disruption of Gondwanaland was such 
a great disturbing event that even the sediments 
m the Pacific were assimilated by the great 
outpouiing of the basaltic igneous rocks which 

‘ This may be read after the section on The Age 
of the Earth, on pages 64-66 


now form its bottom The small thickness of 
the sediments m all the deep oceans indicates 
that the rate of sedimentation is exceedingly 
slow, barely one to two cm pei ccntuiy 

Of the four great divisions of the plant 
kingdom—Thallophyla, Bryophyta, Ptendo- 
phyta and Speimatophyta, only the first and 
last aie found in the sea The Thallophyta 
comprise the various groups of algae amongst 
which the Diatoms and Dinoflagellates are of 
special importance as food foi animals Several 
species of Spermatophyta (flowering plants) 
like the eelgrass (Zosteia) and Phyllospadix 
also have a marine habitat. 

Of the animal groups all phyla of the inverte¬ 
brates and many of the vertebrates excluding 
the reptiles and birds are found m the sea Even 
amongst these, land animals depend on marine 
and fresh water organisms for their food as will 
be realized from the fact that an enormous 
number of birds live near the sea or on islands 
The protozoa comprise thousands of species 
and some of them have contiibuted to the thick 
deposits in the sea (Globigerma and related 
gencia, Radiolaria) The sponges (Porifera) 
form colonies attached to the rocks Coelente- 
lata include the Hydrozoa (Medusae), Anthozoa 
(corals and anemones), various groups of 
worms, Bryozoa (forming matted tufts and 
boards), Aithropods, Ostracods, Cirnpedes, 
Copepods and many Crustacea like ciabs, lob¬ 
sters, shrimps, etc), Mollusca (numerous spiral- 
shelled animals, oysters, clams, shell fish, 
squids), Echinoderms (sea cucumbers, sea 
stars, sea urchins, criboids etc) Amongst the 
vertebrates, the fishes, sharks and lampreys 
are of overwhelming importance The mammals 
aie represented by several animals like whales, 
sea lions, sea cows, walruses, etc 
Marine life may be divided into three 
groups according to environment, namely 
benthos, nekton and plankton Benthos are 
deep sea and bottom dwellers which may be 
sessile with limited movement (sponges, mus¬ 
sels, oysters, crinoids, corals, bryozoa, etc), or 
creeping on the bottom like crabs, lobsters, 
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copeods. snails and some fish, oi hmrowing 
like some crustaceans, clams and cchiiiodeims 
The nekton aie frec-swimming animals in the 
pelagic zone like squids, whales, fishes, etc 
which are thus enabled to Liavel and migrate 
The plankton are quite small floating and 
drifting animals and plants, usually buffctled 
and shifted about by winds and currents They 
are found in enormous numbcis and are mainly 
the food of other organisms 

The Economic Importance of Oceans 

It IS well known that the climate of the globe 
is controlled by the oceans Cheap transpoit 
over ocean wateis is an important factor in the 
commeice and trade of the world 

The oceans aie an inexhaustible souice of 
food and chemicals foi man, assuming that the 
food supply is caiefully managed and not ovet- 
harvesled thoughtlessly 

Seaweeds are useful as food mateiial, as 
manure and as a source of certain chemicals, 
paiLiculaily iodine 

The oceans provide large quantities of nutii- 
tioLis food to man, particularly various fishes, 
Crustacea and other animals In order to make 
the oceans a perennial source of food, much 
work IS being done in studying the life history 
and other characteristics of these animals so that 
harmful practices which may leduce or destroy 
these sources can be avoided The study of 
fisheries on a scientific basis is now vigoiously 
carried on in many countiies and legulations for 
controlling fishing are adopted 

Fish bones (fish meal) is a iich source of 
phosphorous in agiicultuie Whale oil and fish 
oil are used for various purposes Sponge skele¬ 
tons aie used as ‘sponge’, and pearls got from 
the oysters are worn as ornaments 

Vast deposits of limestones which we now 
exploit from the sedimentary strata, are of 
marine origin These include limestones com¬ 
posed wholly or partly of corals, bryozoa, 
crinoids, algae, formanifera, etc, besides the 
chemically precipitated limestones. Most phos¬ 
phate rock deposits (phosphorites) are also of 


marine origin Deposits of diatom.s and ladio- 
laria arc used as abrasive material, as also flint 
which IS usually associated with chalk deposits 

The materials called ‘evapoiitcs’ contain 
massive deposits of rock salt (NaCl) and also 
othci salts of sodium, potassium and magnesium, 
including gyp.sum and anhydrite The potash 
salts are especially in demand as fertilizers 
Some deposits aic souiccs of boron Some 
marine sediments arc souiccs of sulphur, as on 
the Gulf coast of the USA and in the Amjhoi 
deposits of Bihar. All the petroleum we now 
get is from marine sediments, concentrated in 
pools by nature 

Much of the world’s common salt is now got 
by evaporating sea water in salt pans Modem 
.salt woilcs recover other salts and bromine For 
over two decades now magnesium (metal) is 
manufactured from sea watei With the aid of 
modem technology many othei elements and 
compounds present in sea watci can be lecover- 
ed when the necessity arises 

Til. Hydrology 

Hydrology (hydro -I- logy) is the science that 
IS related to water It is concerned with the 
occuirence of water in the earth. Us physical and 
chemical relations with the rest of the eaith and 
its relation to the life on the earth Although 
geysers and hot springs can be thought of as a 
part of hydrology the central concept of the 
science of hydrology is the so-called ‘hydrologic 
cycle’, a convenient term to denote the circula¬ 
tion of the water from the sea, through tiie 
atinospheie to the land and back to the sea 
The science of hydrology is especially concerned 
with the second phase of this cycle, i e , with 
water in its course from the time it has preci¬ 
pitated upon the land until it is despatched into 
the sea or returned to the atmospheie Fig 2 6 
shows the hydrologic cycle In its broadest sense 
hydrology is related to all the waters of the earth, 
but for practical reasons it has been limited in 
several respects The greatest resci-voir of water 
on the earth is the ocean, the study of which is 
oceanography The study of water in the inter- 
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slices of the rocks and even the water at com¬ 
paratively great depths below the land surlace 
belongs unquestionably to the science of hydro¬ 
logy Ground-water studies is one portion of 
the earth’s water circulatory system known as 
the hydrologic cycle Practically all ground 
water originates as precipitation (rain or snowj 
and IS maintained by precipitation, stream flow, 
lakes, reservons, excess irrigation, and canals. 
The hydrologic cycle may be said to be deter¬ 
mined by the lollowing conditions 

1 The nature and application of the cncigy 
that keeps the ciiculation 

2 The inherent properties of the medium of 
circulation, i.e , of water 

3 The structure of the natural reseivotrs and 
conduits 

The chief piactical signillcance of the hydio- 
logic cycle lies in the fact that it is the process 
by which water supplies are furnished to the 
land, plants, animals and man The fact that 
water has solvent, evaporative and othci pio- 
peities makes it essential to the life process of 
all plants and animals, it is adopted for many 
domestic and industiial uses by man The 
advancing human civilization has found water 
to be the most convenient substance for a 



large and ever enlarging list of uses. Watei that 
occurs below the surface of the land is invisible 
and relatively inaccessible and has conse¬ 
quently always possessed an aspect of 
mystciy 

Surlace Watei Out of the total surface area 
of the globe (5,10,101,000 sq km) about 29 2 per 
cent consists of land above sea level. The land 
IS very unevenly distributed, in the northern 
hemisphere there is twice as much land as m 
the southern Within the northern hemisphere 
again, the gieatest stretch is found between 
latitudes of 15° and 65“ Water on the surface 
ol the eaith occurs in the form of seas, lakes 
01 ponds, riveis and ice sheets The mean annual 
precipitation on the land area is about 100 km. 
This represents about 140 km' of water. 
Each year, on an average the rivers return to the 
sea about 25,000 kiiT* of water or about 20 per 
cent of the annual precipitation We can define 
run-oll as the part of the precipitation that 
appeals m the suiface streams The run-off con¬ 
sists of two parts; (n) surface iun-off—that which 
has flowed ovei the suiface and (b) ground-water 
run-off—that which has travelled underground 
before leachmg a stieam All streams return to 
the sea Through the process of evaporation, 
some of the water is carried by the atmosphere 
ovei the land, and precipitated there as ram 
and snow. Such changes have been taking place 
from a long time and it seems they would 
continue for ever The proportion contiibuted to 
the run-off’ depends on several factors such as 
the surface slope, permeability of the local 
locks, the character and amount of vegetation, 
tempciature and humidity of the atmosphere 
and amount and distiibution of the precipita¬ 
tion throughout the yeai Therefore the lun-off 
vanes greatly from place to place It is said that 
about 1/3 of the world’s precipitation becomes 
run-off Much of this water streams seaward 
from altitudes of thousands of metres The 
energy that results is tremendous. The velocity 
of the flow and cioss-section area of the channel 
determines the might of a stream Hydraulic 
action, abrasion, solution and transport together 
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constitute stieam etosion, and deposition is 
closely 1 elated to all of them Streams arc res¬ 
ponsible Cor cutting and deepening their valleys 
and foi transposing the eioded matter from one 
place to the other They shape the greater part 
of the land surface including most of the side 
slopes of the valleys themselves Running water 
is one of the most important agents of erosion 
on the face of the earth The present scenery 
that We see on the surface of the earth is only 
the latest phase of the ever changing world 

Given any river basin under specific climatic 
conditions, we can forsee the general sequence 
of events that will take place and thus construct 
and predict the future by a study of the present 
The organization of our knowledge about the 
work of streams in the continuous change as 
represented by the cycle concept (weathenng, 
transportation and deposition) is an invaluable 
aid in the study of the sculpture of land by 
stieams 

The total amount of sea water is estimated 
at 1.570 million km’ (about 350,000,000 cu 
miles) Water stored in rocks below the caith’s 
surface may be about 27 million km ‘ (6 6 cu 
miles). This directly 01 indirectly accounts for 
the water available for man’s use in the habitable 
parts of the earth But man is directly dependent 
on the water that falls on land as rain and snow 
and on underground water (ground-water) The 
rainfall depends on the evaporation from sea, 
atmospheric circulation, distribution of land and 
sea and othci factors A compari.son of the 
evaporation from the land with that of the 
rainfall and snowfall on the land reveals the 
following figures 
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A lake is an inland bed of standing water 
Generally the water is slationaiy but may have 
a mild current throughout Lakes always occur 
where the surface drainage is obstructed. Two 
necessary conditions aie basm-like depressions 
and sufficient water for the formation of lakes 
Lakes may consist of either fiesh or salt water 
Lakes vary m size from tiny ponds to bodies 
of water covering many thousands of square 
kilometres, although probably more than a 
dozen in the woild occupy areas of about 
26,000 1cm Largest of all is the Caspian Sea 
with an aica ol 499,500 sq km Lakes aie 
known to vary in depth from a few inches to a 
maximum of 1,700 metres, winch is the depth 
ot Lake Baikal in Siberia The Caspian Sea has 
a depth of at least 160 metres Most lakes 
lie above sen level and a remarkable case 
is Lake Titicaca in South Ameiica (which has 
an area of 83,000 sq km and is at an altitude 
ot 4,180 metres) The suifaccs ol some of the 
laige lakes lie below the sea level, examples 
being tlie Dead Sea of Palestine (313 metres) and 
the Caspian Sea (25 mclies) Tlie teims ‘sea’ and 
‘ocean’ are piactically synonymous and refer to 
the whole continuous body of salt water, in¬ 
cluding its numerous embayments, which covers 
a large pait of the eaith’s surface 
The oceans aie veiy large bodies of deep sea 
water occupying the basins between continents 
Thus we have the Atlantic, Pacific, Indian, 
Arctic, and Antarctic oceans whose average 
depth IS about 4 km The deep seas such as 
the Atlantic and Pacihc oceans are geologically 
veiy old, and they have probably remained in 
the same positions for hundreds of millions of 
yeais It is well known that waters of the sea 
cover nearly 3/4 of the surface of the earth 
The land and sea are very unevenly distri¬ 
buted The sea is about 100 times as large as 
India The average depth of the oceans is about 
4 km The Pacific is the deepest of tire oceans 
The deepest sounding ever made was 10,750 
metre.s 01 moie than 9 6 km, in the Southern 
^ Philippine Islands 

, Glaciers A large proportion ot the total 
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volume of water, that is distributed over the land 
areas of the earth at present, is locked up in 
glaciers, ice caps and ice sheets. So enormous 
IS the volume ol ice that if it were all released 
by melting and returned to the oceans, the 
oceans would rise by 50 metres above their 
present level and submerge all the great sea 
ports ol the world and large areas of the fertile 
valley land Slow-moving, thick masses of ice 
are called glaciers Snow-fields are thinner, 
almost motionless masses of permanent snow 
Glaciers can originate only in areas where the 
amount of snow accumulated annually is more 
than that wasted away by melting and othei 
dissipating processes Millions of scpiare kilo¬ 
metres of earth are covered with glaciers langing 
in area from a fraction of a sq km to millions 
of sq km The greatest of all the vast ice sheets 
are the continental glaciers, occupying much of 
Greenland and of Antarctica The land of ice 
in Polar regions may be about 28 7 million knr 
Giound-water Water that occurs beneath the 
land surface is called sub-surface, undeigiouiid 
or subterranean water It can be divided into 
two parts The watei that occuis in the zone of 
saturation, from which the spiings and wells 
arc supplied, is commonly called ground-water 
The water that occurs beneath the land suifacc 
and above the zone of saturation is called 
suspended water The subsuiface occurrence of 
ground-water may be divided into zones of 
saturation and aeration Perhaps the most funda¬ 
mental concept m giound-water hydrology is 
that of the interstices of the rocks, the open 
spaces forming the receptacles and conduits of 
the ground-water The locks differ very widely in 
the size, shape and arrangement of their inter¬ 
stices and in the aggregate volume of inteisticial 
space, and these dilTeienccs are of fundamental 
significance in hydrology 
The porosity of a rock is its pioperty ol con¬ 
taining interstices The two piopertics of a 
rock material that most largely deteimine the 
behaviour of its contained water and its pio- 
ductiveness as a watcr-bcai mg formation arc its 
specific yield and its permeability Both of these 


properties are determined by the characteiistics 
of the interstices and the resultant elfects of the 
molecular attractions The specific yield relates 
to the storage capacity of the rocks: perme¬ 
ability is related to their capacity to transmit 
water The permeable locks which lie below a 
ceitain level are generally saturated with water 
under hydrostatic pressure. Their interstices are 
filled with water that is called giound-watei 
These saturated rocks are said to be in the zone 
of saturation The permeable rocks that he 
above the zone of saturation may be said to be 
in the zone of aeration The upper suiface of 
the zone of satuiation in ordinary permeable 
soil or rock is called the ground-water table or 
merely water-table (Figure 2 7) Wheiever the 
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upper surface of the zone of saturation is 
formed by impermeable rocks the water-table is 
absent The water-table is very iiregular and it is 
generally farther under the surfaces of hills than 
of valleys. The water at the higher levels tends 
to migrate to the lower levels under the action 
of giavity Generally the water-table ranges 
from an inch in depth (from the surface) to 10 
or 15 metres After a prolonged rainfall, the 
water-table may coincide almost with the earth’s 
surface over a considerable area Springs, 
swamps, ponds and lakes aie places where the 
surface of the ground either intercepts, coin¬ 
cides with or passes below the water-table The 
watei-table lowers steadily during long periods 
of dry weather and this is why so many wells 
go diy 

Springs The teim spring is applied to sub¬ 
suiface water which issues from the ground 
Spiings may be divided, according to then 
modes of oiigi n. into gravitv—a jid artesian 

of passages 

dS?S 1 ti^i^^te^epage and 
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Fig 2,8. Diagiam showing the vwioiis conditions 
that give use to spiings 

fissure springs A gravity spring is one whose 
water is not confined between impervious beds, 
but flows fiom loose materials or open passages 
under the action of gravity In an artesian spring 
the water is confined in an impervious channel 
or (in porous layers) between impervious beds 
and is under hydiostatic pressure sufficient to 
make it rise to the surface. Hot springs are those 
whose temperature ranges from that of the 
human body to that of the boiling point of 
water. Geysers are the periodically eruptive hot 
spiings found only in a few of the recent 
volcanic regions of the world such as Yellow¬ 
stone Park, Iceland and New Zealand. The 
water, saturated with mineial matter, emerging 
at the earth’s surface forms the mineral springs 
which may be cold or hot Mineral springs and 
wells often yield the so-called hard watei which 
contains a lot of calcite, dolomite, gypsum or 
certain other mineral salts and solutions If 
rocks are not homogeneous, the yields of the 
wells are likely to vary considerably even 
within short distances Most wells, by far, are 
simply dug down m loose materials to a little 
below the water-table The depth seldom exceeds 


15 metres in humid regions When a well sunk 
to a porous water-bearing layer oi formation 
or crack or fissure (filled with water) encounters 
water under enough hydrostatic pressure to 
cause it to rise to a higher level, it is an artesian 
well (Figure 2 9) Water is often under a tremen¬ 
dous so-called ‘pressure head’, and it may flow 
out upon the earth’s surface like a fountain 



By working on the earth’s surface it is some¬ 
times possible to estimate where the ground- 
water occurs and, under special conditions, to 
obtain information regarding the quality of the 
water Investigating ground-water is not easy, 
nor are the results always successful, howevei 
such methods are normally less costly than sub¬ 
surface investigations Geophysical methods, 
developed in the last 30 years for petroleum and 
mineral exploration, have proved useful for 
locating and analysing ground-water These are 
the electrical resistivity and seismograph reflec¬ 
tion methods Geological investigation and re¬ 
connaissance represent the second approach to 
the problem The third approach is based on the 
interpretation of the aerial photogiaphs of the 
earth’s surface. All methods provide only in¬ 
direct indications of ground-water, as under¬ 
ground hydrological data is inferred from the 
surface information Correct interpretation 
requires supplemental data from sub-surface in¬ 
vestigations to substantiate the surface findings. 
Detailed and compiehensive study of conditions 
under which ground-water occurs can only 
be made by sub-surface investigations The in¬ 
formation concerning the water-bearing strata 
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(its location, thickness, permeability and yield) 
or ground-water quantitative data (its loca¬ 
tion, movement, quality) can be obtained from 
the sub-surfacc examinations Test drilling 
fiiinishes information on the substrata which arc 
in vertical line from the surface. The evolution 
of these factors aids proper location, construc¬ 
tion and development of wells 

Air and water are indispensable for living 
beings From the eaihest times human settle¬ 
ments have been established near sources of 
fresh water such as laige riveis and fresh water 
lakes The need for laige quantities of water for 
industrial puiposes has necessitated the scientific 
study of the sources of water, their development 
and conservation. There has not been much diffi¬ 
culty in securing the requirements of water fiom 
the usual sources of supply During the recent 
decades considerable amounts of money and 
engineering resources have been utilized for 
constructing reservoirs to ensure large supplies 
of water but this should now be followed by 
systematic studies of the sources of water- 
supply Such investigations require full data 
on the meteorological, geological and hydro- 
logical factors in order that the principles 
of storage of water, its distribution, its move¬ 
ment, etc, are understood properly before the 
sources can be developed and used to the best 
advantage 

Ground-water is an important source of water- 
supply throughout the world Its uses in irriga¬ 
tion, industries, municipalities and rural homes 
continue to increase. Cooling and air-condi¬ 
tioning in the past twenty years have made 
heavy demands on ground-water because of its 
characteristic uniformity of temperature Short¬ 
ages of ground-water in areas of excessive 
drought emphasize the importance of correct 
estimates and proper development, and regula¬ 
tion and protection of supplies m order to ensure 
the continued availability of this key natural 
resource The largest industiial useis of 
water are oil refineries, paper manufac¬ 
turers, metal working plants, chemical manu¬ 
facturers, air-conditioning and refrigerating 


units and distillciics. Ground-water use has 
increased at an accelerating rate in icccnt years, 
and indications are that the tiend will continue 
Every country which has embaiked upon indus¬ 
trialization IS now finding that the usual sources 
of water relied upon till now are not sufficient 
and extra supplies will have to be obtained from 
large distances and from sea or lake water. 
The consumption of water for drinking purposes 
alone is of the order of 2 to 8 litres per day per 
person according to the season, the environ¬ 
ment and the nature of work in which the person 
is engaged Diinkmg-water is not the most 
serious problem Requirements for purposes 
such as agricultuial and industiial are much 
heavier Certain countries which have had to 
face acute shortage of water have already turned 
to the ocean for obtaining their supplies Sea 
water is quite unsuitable for most purposes, but 
it has been converted into potable water on 
ships for some decades In recent years, parti¬ 
cularly after World War II, the conversion of 
sea water into fresh water has been taken up 
for careful study. 

Water pollution The quality of water is a 
primary consideration, whether it is for domestic 
consumption, for a farm or village or town. So 
long as the pollution was confined mainly to 
villages, and agriculture was the major occupa¬ 
tion, there was no serious problem of water 
pollution But the growth of industries, parti- 
culaily chemical, pharmaceutical, dyeing, etc, 
has created the problem of disposal of the waste 
products, some of which are poisonous Simi¬ 
larly municipal sewage disposal is an important 
problem, sewage has to be treated and made 
more or less inert before it is allowed to escape 
into the regional drainage system Where the 
solid dissolved is largely lime or calcium carbon¬ 
ate, the water becomes hard The degree of hard¬ 
ness depends on the amount of carbonate dis¬ 
solved Soft watei IS relatively pure water. How¬ 
ever. mineral or inorganic impurities in solution 
rarely render the water unsafe or dangerous for 
drinking purposes. The danger comes from 
organic matter in the sewage, the decaying 
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vegetable and animal refuse not only impart a 
disagreeable odour to water but pollute it with 
dangerous animal and vegetable organisms and 
render the water bacteriologically unsafe for 
human consumption Complete examination of 
water involves a detailed investigation of its 
physical and bacteriological condition and its 
chemical character The mere look of water is 
not a guide to its purity Inorganic matter 
seldom renders water unsafe for drinking but 
it may be undesirable for certain industrial 
purposes Both temporary hardness and perma¬ 
nent hardness should be removed trom boiler 
water since the dissolved matter is deposited as 
a coating m the boiler. 

International Hydrological Decade 

Systematic studies of the sources of water 
supply are necessary to meet the demands of 
the ever increasing need for large quantities of 
water for industrial purposes. Such investiga¬ 
tions require full data regarding the meteoro¬ 
logical and hydrological factors in order that 
the principles of storage of water, distribution, 
movement, etc are understood properly Watei- 
supplies are controlled by rainfall, climate, 
local geography and geology and are liable to 
vary from time to time The proper under¬ 
standing of these factors in their local relation¬ 
ship and interdependence will take a fairly long 
time This fact as well as the size and nature 
of the pioblem have suggested that hydro- 
logical studies should be undertaken over a 
penod of at least a decade in order that the 
data collected are reliable The investigations 
to be carried out include rainfall and its varia¬ 
tion over a long period, the influence of local 
climatic factors, the amount of surface water 
available, the distribution of ground-water in 
relation to the local geology and structures, and 
all other relevant information. This will be 
followed by a systematic study of hydrological 
factors and the making of water inventories 
The development of the resources will require 
the use of advanced engineering technique 
which is available only in industrially ad¬ 


vanced nations After the water is used, it will 
have to be disposed off in such a way that much 
of It can be utilized again whenever necessary 

Hydrology is a very young science, and since 
water follows no boundaries, this young science 
has to be studied inteinationally Numerous 
observation stations in many nations must be 
established to study the collection of rainfall, the 
distribution of surface water, evaporation, ab¬ 
sorption by the ground, the flow m livers, etc 
The ground-water will have to be examined 
from the point of view of both the ultimate and 
actually recoveiable resources Tests will have 
to be made to determine what part of the 
ground-water can be brought to the surface and 
utilized without oveipumping and spoiling the 
reservoirs Water is one of the primary resources 
that the earth has given to man It is unfortu¬ 
nately limited and not all of it can be conve¬ 
niently used As our knowledge of hydrology 
increases we expect that better and more econo¬ 
mical uses of water for human, industrial, 
agricultural and hydroelectiic purposes will 
develop, 

IV. The interior of the earth 

We can obseive only the thin outer skin of 
our planet which has a maximum thickness of 
a few thousand kilometres Scientists can study 
the deeper layers light down to 6,400 km 
beneath the surface This is however done in¬ 
directly by studying earthquakes and other 
phenomena The interior of the earth is a 
problem winch is at once fascinating and 
baffling. Many books and papers have been 
published on the subject but there are only a 
few established facts concerning it The earth’s 
centre is about 6,400 km from the surface 
whereas the greatest depth so far attained in a 
deep mine or even in a bore hole is usually 
much less than 7 km Man has therefore not 
even scratched the outer layers of the earth, and 
it will take him a long time to penetrate into 
the inner regions of the earth in any significant 
manner. The deepest mines in the world have 
reached only about 3 3 km and these happen 
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to be gold mines, e.g, Kolar gold-fields in 
India, Rand in South Africa, and Morro Velho 
in Brazil The deepest bore holes have reached 
7 5 km below the surface of water (on the Gulf 
Coast of USA) where it is almost entirely 
sediments. In the Pacific Ocean, near the United 
States a bore hole below the ocean went down 
to a few kilometres (the Mohole Project) but 
the project was abandoned when it became very 
expensive 

The mean density of the earth is 5 52 as 
compared to that of the surface rocks which 
have a density of less than three A combination 
of astronomical and geodesic measurements 
have determined the moment of inertia of the 
earth about its axis of rotation It was found to 
be only slightly less than that for a sphere of 
the same size and mass, with uniform density 
Therefoie, there must be material of highei 
density near the centre than in the outer paits 
The American geologist, Dana, and the Geiman 
geologist, Wiecheit, arrived at the model of the 
earth of a core of high density surrounded by a 
shell of lowei density This model was suggested 
by the most striking fact concerning meteorites, 
which are composed chiefly of two diffeient 
mateiials, silicates and metallic iion. Wicchert’s 
calculations were based on a central core of 
uniform density, approximately that of iron, 
and a rocky shell, with a density approximately 
that of the heaviest known rocks His sub¬ 
division of the interior into two parts, each of 
uniform density, bears a rough resemblance to 
the mam structural feature, the division be¬ 
tween the outer mantle and the inner core. The 
two densities of the earth found on this assump¬ 
tion as 4 3 and 12 2 aie taken as approximately 
correct. 

The temperatuie goes on increasing as we 
descend deeper and deeper and can be verified 
by going down a mine to some depth. Direct 
observations in deep wells, mines and borings 
and indirect evidence from the studies of lava 
in volcanic regions suggest the existence of a 
temperature gradient in the earth In Europe 
it has been observed that the temperature 
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gradient is 1°C per 31 m depth but in Noith 
America it is 1“C per 41 m depth. Estimating 
from the way the temperatuie rises as we go 
down, it appears that at a depth of 100 km the 
temperature will probably be about 900’C If 
the temperature gradient remains unchanged 
with depth, it follows that a temperature of 
1000'’C will be reached at a depth of about 
30 km in Europe and at about 41 km in North 
America. This discrepancy in temperature 
gradients is attributed to the past geological 
history of the area Extending the same argu¬ 
ment and assuming a uniform temperature 
gradient, the temperature at the centre of the 
earth is calculated to be 200.000“C. On the other 
hand othei scientists have put forward the 
theory that below a certain depth the tempera¬ 
ture gradient is reversed and that the tempera¬ 
ture at the centie of the earth would not be 
higher than 10,000°C. Normally at great depths 
all rocks will be molten. However due to the 
enormous pressures and temperatures at these 
depths matter would behave in ways that we do 
not yet clearly understand 
Calculations indicate that at a depth of some 
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300 km, the pressure inside the earth reaches 
100,000 atmospheres, which is about twice the 
pressure which we expect to find near the centre 
of the moon. As we approach the centre of the 
earth, the pressure is expected to reach a figure 
of 3 million atmospheres Consequently the 
earth’s substances in these regions cannot be 
considered either as solid or liquid in the usual 
sense of the terms A litre of average rock 
weighs about 3 kg. The pressure due to this 
weight of rock is about 3600 tonnes per sq m 
At a depth of 40 km, where the temperature 
(1000°C) is sufficient to fuse all rocks under 
normal circumstances, the pressure must be 
around 100,000 tonnes per sq m The core or 
centre of the earth is probably at a temperature 
of about 6000° C; it is also under a high pressure 
—about 30,000,000 tonnes/sq m The effect of 
temperature is to liquefy rocks and that of 
pressure is to hinder or prevent liquefaction and 
keep them solid and compact Hence, at certain 
depths there is probably the paradoxical condi¬ 
tion of a liquid material having many of the pro¬ 
perties of a solid owing to the enormous 
pressures, something like a very viscous plastic 
solid 

The earth behaves like a huge magnet 

The earth behaves like a giant magnet with one 
pole somewhere in north Canada and the other in 
the Antarctica It is somewhat disconcerting to 
note that the positions of the poles alter, though 
to a small extent, from year to year The earth’s 
magnetic field and its characteristics can be 
measured in any given place These seem to 
exhibit a complex pattern of variations There 
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are hourly, daily, annual as well as long term 
variations The origin of this magnetic field and 
the leasons for the variations arc fascinating 
subjects of study. We are not entirely sure 
whether the causes of some of these magnetic 
effects are inside or outside the earth Perhaps 
both types of reasons contribute to it Tlicse are 
problems which form an impoitant aspect of the 
study of the earth The mam magnetic field of 
the earth, however, originates mainly within the 
earth. No entirely adequate explanation has yet 
been found, although it is attributed mainly to 
the interior core of non However, at the very 
high temperature and pressure of the core, iion 
IS expected to lose its magnetism It has been 
suggested that the eaith’s magnetic field is due 
to the electric cuiTents circulating within the 
earth These currents, still not understood by 
scientists, are probably generated in some way 
by the motion of the liquid iion core which is 
electrically conducting 

Development of inslmmental seismology 
The development (in 1900) of instiuments for 
measuring and recording the very small move¬ 
ments of the earth have brought out many facts 
regarding the interior conditions of the eaith. 
An earthquake, no matter where it originates, 
creates a mechanical distuibancc everywhere on 
the earth. These disturbances travel through the 
earth A study of the time of their arrival at the 
various recording stations in different parts of 
the globe determines the velocity of propaga¬ 
tion of the disturbance at various depths of the 
earth 

The outei layer of the earth’s surface, to a 
depth of about 35 km, is often referred to as the 
crust Below that is an intermediate zone with 
a thickness of about 2800 km which is referred 
to as the mantle. Below the mantle and right 
down to the centre, covering a radius of a little 
over 3000 km, is the most inaccessible, but 
scientifically the most interesting region, called 
the core The crust, the mantle and the core, as 
detailed above, are the broad subdivisions of the 
earth’s interior and there is considerable 
evidence in support of such a classification. We 
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Fig 2 12 The thee bioad subdividons of the 
eaith’v Intel lor and the vanuhons of tern- 
peiatuie and piessiiie in each 


shall now enumerate the chief features of each 
one of these layers 

Core The core, as has just been mentioned, 
extends from the centre to about half the radius 
of the earth Its mass is a third of the total 
mass of the earth though its volume is less than 
a sixth of the total volume Thus the density of 
matter inside the core should be much higher 
than the average value of 5 5 leg per litre. It 
IS about 15 kg per litre in the volume surround¬ 
ing the centre The material is predominantly 


metallic and, in fact, largely liquid non, perhaps 
alloyed with nickel and some of the lighter 
elements under great pressures The tempera- 
tuies m the core are estimated to be a few 
thousand degrees. There are indications that the 
core itself may be further subdivided into three 
distinct subdivisions, the innermost subdivision 
being iron or other highly compressed matter 
Experiments show that throughout the crust 
and the mantle any mechanical disturbance is 
propagated with two different velocities. The 
first is the compressional mode, rather like the 
propagation of sound in a solid or liquid, which 
travels with a velocity dependent on the pressure 
and density of the material The second mode 
IS due to a twisting or torsional displacement 
of rocks and can be compared to the torsional 
mode or twisting displacement of a rod. The 
torsional mode travels with a lower velocity 
than the compressional mode. These two velo¬ 
cities and modes of oscillatory motion are 
typical of solid matter. The torsional mode does 
not propagate in the core, but only in the mantle 
and the crust In an earthquake disturbance, if it 
passes through a region of the core in its passage 
to a seismograph, the smaller of the two velo¬ 
cities is not detectable at all There is also a sharp 
fall in the value of the higher velocity. It is this 
phenomenon that piompts us to characteiize the 
core as ‘liquid’ But the nomenclature is 
probably correct only in a restricted sense An 
alternative way of describing this would be to 
say that the core consists of matter in a state 
which IS incapable of exhibiting any rigidity 
The core, though consisting of iron, as a con¬ 
sequence of the high temperature is non¬ 
magnetic Yet it IS believed to account for the 
major magnetic phenomena attributed to the 
eaith, in a rather complicated way, which is 
not yet understood There is no doubt that in¬ 
formation of great scientific value would be 
discovered if temperatures and pressures that 
exist in the central regions of the earth could 
be simulated on the surface inside a laboratory 
and the behaviour of matter studied under those 
conditions 
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Mantle The intermediate zone or the mantle 
extends fiom the surface of the ‘liquid’ core to 
the bottom of the top crust, Its striking features 
are the major discontinuities m the velocities of 
the earthquake waves at its upper and lower 
boundaiies and the existence in it of two distinct 
and independent kinds of wave propagation 
with different velocities, Fuither detailed in¬ 
vestigations and compaiison of the observed 
velocities with those found in similar rocks in 
the laboratories have yielded valuable informa¬ 
tion about the constituents that make up the 
mantle and the physical conditions that exist in 
the mantle at different depths Tliiee sub¬ 
divisions of the mantle arc detectable although 
the demarcation between these subdivisions is 
not so clear as between the principal divisions, 
namely, the core, the mantle and the crust. One 
of the important results noticed is that at a depth 
of about 700 km, which falls within the middle 
subdivision of the mantle, there is an extreme 
abnormality m relation to the layers above and 
below This is significant as most of the deep 
focus earthquakes originate at these depths 
below the earth’s suiface In fact all available 
evidence shows that this legion is one of con¬ 
siderable instability 

Crust The demarcation between the base of 
the crust and the top of the mantle is called the 
Mohorovicic discontinuity The relatively thin 
but complex and easily accessible legion of the 
crust compiises an insignificant fraction of the 
total volume of the earth. Its volume is about 
1/60 of the total volume of the earth. Its mass 
IS less than 1/100 of the total mass of the earth 
These figuies are, of course, approximate and 
based on a simplifying assumption that the caist 
has a uniform thickness and density all over the 
suiface. This, however, is not quite tiue as the 
crustal discontinuity between the mantle and the 
crust IS now known to occur at different depths 
depending on wheie we measure it, below a 
plain ground, a high mountain oi under the 
ocean bottom 

At a depth of about 10 km beneath the 
surface ot the sea, the velocity of the faster 


waves jumps, that is, tlic compressional wave 
suddenly increases to about 8 2 km per sec This 
IS legalded as the line of discontinuity and the 
beginning of the mantle On land, an exactly 
similar jump occurs at a depth of 30 to 40 kilo¬ 
metres and this is identified with the base of 
the crust, oi the Mohorovicic discontinuity. It 
IS difficult to say what happens to the disconti¬ 
nuity as we pass from the ocean to the continent 
as reliable data of the transitional region, 
usually termed the continental shelf, are not 
available. That a 35 km thick crust on land 
becomes a 10 km thick crust in the ocean is, 
however, a fact of great scientific interest, which 
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can only be analysed by a study of the conti¬ 
nental shelves separating the oceans from the 
continents 

The geophysicists are largely agreed that the 
earth consists of the following zones as given 
m Table 2 3. 

Since all the conclusions are drawn by the 
inteipietation of the data obtained by indirect 
methods, they aie lathcr speculative and often 
contradictoiy Geophysical data, mainly from 
seismology, levealcd the existence of two major 
legions within the earth, namely, a dense 
metallic liquid core of a radius more than one 
half of that of the whole earth, surrounded by 
a solid mantle of lower density material, prob¬ 
ably olivine (a fcrroinagnesium silicate) How¬ 
ever, the existence of a transitional layer which 
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TABLE 2.3 


Layer 


Depth to 
boLindaiies 
(km) 

Radius 

(km) 

Fiaction ot 
the eai Ih’s 
voliiQie 

Mass in 
10^’ ku 

Fraction of 
lolal mass 

Fiaction of 
mass ol the 
mantle 

Crusl 

A 

0 

6371 

0 0155 

5 

0 007 

0 01 



33 

6348 





Manlle 

B 

413 

5958 

0 1667 

62 

0 104 

0 15 


C 

984 

5387 

02131 

98 

0 164 

0 24 


D 

2898 

3473 

0 4428 

245 

0 410 

0 60 

Core 

E 

4982 

1389 

0.1516 ) 





F 

5121 

1250 

0 0028 ( 

188 

0 315 






0 0076 ) 




Tolal 





598 

1 000 

1 000 


IS the seat of important geophysical or geo¬ 
chemical processes does not seem to be disputed. 
Perhaps the transitional layer is the key to the 
problem of what is going on in the mantle, and 
when we understand its nature, we may be able 
to understand better what is happening in the 
earth’s interior 

V. The history of the earth 

The scenery we see today on the surface 
of the eaitb is only the latest phase of an ever 
changing woild The processes and agents wluch 
cause change are the familiar ones of frost, 
glaciers, rain, rivers, sea, wind and life, including 
man, their results wear down or build up the 
surface and thus mould and shape the minor 
details of the scenery. Man appieciates the 
geological processes that have gone by during 
his lifetime and wonders at those which he has 
not witnessed When we look at a mountain, 
desert, valley or sea, it seems that they must 
have always been as they are now We even 
use such expressions as ‘everlasting lulls’ and 
‘eternal seas’ Actually the earth, including the 
hills and the seas, is constantly being trans¬ 
formed The process has been going on for at 
least 3 billion years and may' go on for billions 
of years more Some of the changes like volca¬ 
noes and earthquakes that occur on this planet 

8 


are sudden and exciting But mostly the changes 
are slow; it takes 5000 to 10,000 years to make 
a desert, 100,000 years to cut a small valley 
and 10,000,000 years to build a mountain 
range That is how earth uses time, There are 
places where the sea is creeping over the land 
Perhaps some day in those places fish and ciabs 
would swim where cities weie. As recently as 
10,000 years ago great ice sheets covered most 
of North America and Northern Europe. The 
ice has now melted and receded back to 
Greenland and other Aictic regions. The climate 
will get still warmer 

Historical geology is the branch that deals 
with the sequence of events in the earth’s 
history as interpreted from evidence found in 
rocks Historical geology includes the recoids 
of deposition of sedimentary strata, the geogra¬ 
phical distribution of land and sea, the condi¬ 
tions of climate and teirain, and the animals 
and plants which formerly lived on the conti¬ 
nents and in the seas It also includes the dates 
and places of crustal movements which have 
from time to time disturbed the pattern of quiet 
sedimentation—sometimes in veiy subtle petro- 
genetic movements, at other times in violent 
orogenesis which have deformed the strata of 
geosyncline Histoiical geology uses many of 
the methods that are used in archeology or the 
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study of the eaily civilizations of man The 
actual recoid, whether in the loim of rock stiata 
or ailcfacts or written documents, has to be 
undeistood, inteipieted and used for inferences 
The skill of the geologist or the historian lies 
in xeconstiucting the hidden meaning ot seem¬ 
ingly tiivial details In both fields the major 
pioblem IS the fiagmentury nature of the 
record; an event might have left no rccoid oi 
the lecoid might have been destroyed by some 
catastiophe in subsequent times The problem 
of inadequate records generally becomes more 
serious as the cailier peiiods of history are 
considered Early in the 19Lh century, bclorc geo¬ 
logical science was tally established along the 
imes that it is today, a group of naturalists 
explained the phenomena ot tolding and tault- 
mg as a result of one or more sudden catas¬ 
trophes The leader of this school believed that 
‘the dislocation and overturning of oldei strata 
show without any doubt that the causes which 
biought them into the position which they now 
occupy, were sudden and violent’. The evidence 
of these great and teirible events is every¬ 
where and can be clearly seen by anyone who 
knows how to read the recoid of rocks. Those 
who suppoiled this view were known as Catas- 
trophists The tendency of modern geologists is 
to restrict the geological events ot the past by 
the principle that processes acting in the past 
have been essentially the same as those seen in 
action over the face of the earth today U is often 
sumniaiized in the statement: ‘The present 
holds the key to the past’. Most geologists 
believe that if they watch a volcano in eruption 
and see the mountain lava pour down the side 
of a mountain into the sea, they will be able to 
explain similar kinds of lava foims now found 
enclosed iii ancient rocks. 

Age of locks and geological formations 

Stiatigraplucal or historical geology has as 
Its aim the description and classification of 
locks with a view to arianging them in the 
chronological order in which they were laid 
down on the surface of the earth. Of all the 


three great groups of rocks, scdimentaiy, igne¬ 
ous and metamorphic, only sedimentary locks 
ale easily amenable lo such an anangeraent 
since they have been deposited layer by layer, 
together with the remains of oiganisms which 
flourished at the time that these sediments weic 
foiraed The lithological chaiacteis and the unils 
which form, particularly their fossil content, 
have been invaluable for dcteiimmng the chrono¬ 
logy of the material of the earth’s crust How¬ 
ever, one assumption of geologic formations, 
that the foimation at the bottom is older than 
the one at the top is a convenient and useful 
stratigiaphic principle. When we deal with 
several layers, the upper ones aie assumed to be 
successively younger than those below. If Lhe 
formations have been laid down continuously, 
each ot them grades peitectly into the succeed¬ 
ing one They are then said to be conformable, 
If there is a break in the continuity, this is called 
an unconformubility or disconformity which is 
maiked by a change in the rock type or by 
similai features The earth’s ciusl is the scene 
of constant changes and the rocks are affected 
by them in various ways They may be tilted, 
folded and faulted. They may be intruded by 
igenous rocks or may be metamorphosed as a 
result of earth movements The final result of 
these changes, as seen at the picsent day, ts often 
very complex but the geologists try to observe 
all the facts carefully and unravel the history 
of the foimations after weighing all the avail¬ 
able evidence 

The geological formations through such care¬ 
ful studies have been arranged into a few major 
groups These major groups arc divided into 
systems, each system is subdivided into series 
and further into stages. Sometimes each stage 
IS divided into zones conesponding to these 
divisions of formations. The major divisions of 
geological time are shown in Table 2.4 

Of all the sources of infoimation. fossils are 
the most helpful to the historical geologists 
These ancient plant and animal remains are 
impressions preserved in the sedimentary .strata, 
the study of which is known as palaeontology. 
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TABLE 2.4 


El a Epoch 


Age in Iwpoilant rock Diitiiictive jeatmes ol 

yeum svsteini in Jiicha plant anil animal life 

and neigblioiii- 
hood 


Recent 


Plcistoeenc 


Pliocene 


Cr.Nozoic Miocene 
fRocent life) 

Oligoccnc 


Eocene 


Pnleoccnc 


Cictaccoiis 


Mfsozoic 

(Middle) Juiassic 
Tiiassic 


Peimian 


Recent alluvia, 
10,000 f.and dunei and 
soils 

Older alluvia 

1 , 000,000 

.Siwalik system 


13,000,000 


25,000,000 

Mu tree and Peeu 
systems 

36,000,000 


58,000,000 


63,000.000' 


135,000,000 

Upper Gondwana 

180,000,000 


230,000,000 

Lower Gondwana 


280.000,000 


Rise ol civilization 

Ann OF MAN 

Development of man, 

Extinction ol laigc 
mammals 

Early evolution of man 
Dominance of elephants, 
hoiscs and large carni- 
voies 

Development of whales, 
bats and monkeys Age of 

MAMMALS 

Rise of piimates and 
anthiopoids 

Development of mam¬ 
mals Rise of grasses, 
ceieals and fiuits 

Eaihest horses 


Extinction of dmosams 
Development of flowei- 
ing plants Age of 

REiniLF.S 

Culmination of dinosaurs 
The appcaianco of birds 

First dmosauis, first pii- 
mitive mamm.als, spiead 
of cycads and conifers 

Abundance of conifeis, 
development of reptiles 
and the spiead of in¬ 
sects and amphibians 


Carbonifeious 


345,000,000 


Paleozoic Devonian Mutt Quartzite 

(Ancient 
life) 


Widespread forest of coal- 
foiming spore-bearing 
plants First reptiles 
Abundance of insects. Age of 

AMPHIBIANS 

First amphibians Many 
corals Earliest forests 
spread over lands 
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TABLE 2.4 (Conliiiiied) 


Eia Epoch Ane in Tnipoitant lack Distinclive fcciliiies of 

■\icnis •.yslcmi in India plant and aniiiud life 

mid neigiihoni- 
linod 


Silurian 


Ordovician 


Cambrian 


Proterozoic Pre-cambi lan 


405,000,000 

Siliiiian ot Hima¬ 

Fust land plants and nir- 

Agc of 


layas 

breathing animals Deve¬ 

nSHES 

425,000,000 


lopment of fishes 



Oidovician of 

Lite only in seas 



Himalayas 


Age of 

500,000,000 



MARINE 


Himanla system 

Many marine inverte¬ 

INVERTE¬ 

(500,000,000— 


brates 

BRATES 


Piirana loinwtions Soft-bodicd animals and 
(Cuddapahs and plants, 

Vindhyas) 


-1500,000,000- 

Azoic Archaean Dhaiwar and Lifeless 

Aravali systems 


System of Clasufication 


Formations 

Time 

Group (e g , Mesozoic) 

Era 

System (e g , Triassic) 

Period 

Senes (e g , Upper Triassic) 

Epoch 

Stage (e g , Caimc) 

Age 

Zone (e g , Tiopites) 



The last 150 years of study have yielded an 
extiemely detailed and nearly complete refer¬ 
ence table of the divisions and subdivisions of 
the geologic time, together with the typical 
fossils which help to identify the various strata 
The geologic maps show the location and 
extent of strata of the different geological ages, 
using various systems of colour patterns These 
maps cover almost all the land areas of the 
earth except those covered by ice caps Geologi¬ 
cally speaking, man has come up very recently 
and risen to a position of dominance over the 
earth’s surface and its living creatures This has 
happened with almost terrifying suddenness 


when we consider the tremendous amount of 
time required for the development of life 
throughout the Paleozoic, Mesozoic and Ceno- 
zoic eras 

Physiographical. geological and geographical 
India has been divided into 3 broad regions 
The Peninsular Region, Indo-Gangetic alluvium 
(250,000 sq. miles), and Extra-Peninsular 
region. More than half of the Peninsula is 
occupied by the Archaean rocks The Cud¬ 
dapahs, Vindhyan Gondwanas and the Deccan 
Traps occupy the rest of the area except parts 
of the coastal regions In the Extra-Peninsular 
regions, marine sedimentary systems are pre- 
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dominant A part of the Himalayas, however, is 
occupied by the ancient metamoiphic rocks 
The Indo-Gangctic alluvium is composed of 
sediments and of recent deposits The term 
Archaean was introduced by Dana in 1872 to 
designate the foimalions older than the Cam¬ 
brian In India the formations below the 
Eparchaean unconfoimity, i e . the unconformity 
at the base of the Cuddapah and equivalent 
systems are included under the term Archaean 
Archaean rocks are unfossiliferrous and so 
they were supposed to have formed at a time 
when conditions for the existence of life were 
unfavourable For this reason they are referred 
to as belonging to the Azoic era (era without 
life) We find, however, that at the beginning 
of the Cambiian iidge life appears all over the 
world 

The Archaeans form the basement or foun¬ 
dation of the sedimentary system Hence they 
are referred to as the basement complex The 
areas in which they occur are called shields 
(because of their gieat resistance to the later 
earth movements which have left them practi¬ 
cally unalTected) The Archaean rocks consti¬ 
tute the most important mineial-bearing for¬ 
mations of India The Aichaean era was 
followed by the Puiana era during which the 
Cuddapah and Vindhya systems were deposited 
in vaiious parts of the Peninsula. Both these 
systems are practically unfossilifcious though 
they comprise rocks of considerable thickness 
eminently suitable for preservation of fossils 
There is generally a well-marked discoidance 
at the base of the Cambrian strata indicating a 
period of disturbance and mountain-building 
In contiast with the Purana formations, the 
Cambrian formations are rich in fossils After 
the deposition of Indian rocks and their uplift 
into land there was a great gap in the strati- 
graphical history of the Peninsula, At the end 
of the Paleozoic era, towards the Upper Carbo¬ 
niferous age, a new series of changes took place 
over the surface of the globe, which brought 
about a redistribution of the land and sea and 
was also responsible for the mountain-building 



Fig. 214. The chistenng of continenls (Gondwana 
land) accoiding to Wegnei's hypothesis 
and their sepaicition by continental drift 


movements. At this time there existed a great 
southern continent or series of land masses 
which were connected closely enough to permit 
a free distribution of leriestrial fauna and 
flora The southern continent which included 
India, Australia, South America, Antarctica, 
South Africa and Madagascar has been called 
Gondwanaland This era began with a glacial 
climate for we find the deposits commencing 
with glacial boulder beds, m all the above- 
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mentioned lands Fossil deposits trapped in this 
strata are mostly amphibian and reptilian 
fauna The widespread fossils of this eia are 
strikingly similar and probablv denote large 
and unrestricted inter-migiation of these 
animals Though the Gondwanas arc generally 
referred to as a system, their extent and magni¬ 
tude in space and time entitle them to be 
considered as a major group They comprise 
strata of a total thickness of about 20,000 to 
30.000 ft f6 000 to 10,000 m). 

The Triassic system is the earliest of the three 
systems which make up the Mesozoic or 
secondary era Amongst the vertcbiate fossils 
of this eia, the fishes are quite abundant The 
close of the Mesozoic era was marked by the 
outpourings of enormous lava flows which 
spread over the vast areas of western, central 
and southern India The area now occupied by 
these lava flows, in the Deccan traps, is about 
500 000 sq km including Bombay, Kathiawar, 
Kiitch, Madhya Pradesh and Central India The 
traps attained their maximum thickness near 
the Bombay coast where they are estimated to 
be well over 2000 nr The end of the Cretace¬ 
ous era was marked by impoitant changes in 
the fauna and floia The Himalayan mountains 
had their biith duiing this period The mountain- 
building activity continued in tci mitten tly 
throughout the Teitiary era and brought into 
being the great equatorial mountain systems 
which include the Atlas, Pyrenees, Alps, Cauca¬ 
sus Himalayas and the Malay Arc The rise of 
the Himalayas took place m a senes of five or 
more stupendous movements punctuated by 
intervals of comparative quiescence The final 
phase of the Himalayan movements took place in 
the early Pleistocene era when the Pir-Panjal was 
raised to its present height The Quaternary era 
was heralded by a geneial lowering of the tem¬ 
perature of great ice sheets of continental 
dimensions extending from the north pole to the 
greater part of Asia, Europe and North 
America Glaciers m the Himalayas descended 
to as low an altitude as 5000 ft, as indicated by 
the piesence of moraines and other featuies 


VI. The age of the earth 

The age of the caith is still not established 
with absolute certainty Answcis to this fasci¬ 
nating question of the eaith’s age involve the 
widely differing techniques of several sciences 
Speculation and mythology often distort our 
thinking on the earth’s age 

Scientists today have accumulated evidence 
which points to a figure of about 4500 million 
years One of the modem methods of estimating 
the age of the earth is to estimate the age of the 
vaiious rocks found in different regions of the 
earth and attribute the age of earth to ages 
comparable to but greater than those of the 
oldest rocks 

The ‘age of the eaith’ can be mteiprcted in 
two ways. (i) the period that has elapsed since 
the earth and the othei planets started their 
independent existence as whirling masses of 
white-hot gas is pel haps between 5000 to 
7000 million years ago. or (ii) the time since 
the earth’s crust solidified and the geological 
processes began to take place on it (the geologi¬ 
cal age) that is, since the earth started behaving 
in a way fairly close to what it is now A thud 
time scale is that of the biologists who have 
built a history of the eaith from the evidence of 
fossilized living creatures of the past 

The ‘record of the locks’ is the source book 
of the geologists It is a very ancient book and, 
second only to the record of the universe in 
antiquity, and like all manuscripts that have 
suHered the vicissitudes of time, it is very frag¬ 
mentary and difficult to read. The geologists 
have divided the source book into five sections 
and later into chapters The table of contents 
of this book is generally and popularly known 
as the ‘geological time scale’ 

How old IS the earth'^ 

The scientific approach to this problem was 
first made by geologists as recently as the 
nineteenth century. In 1898, Joly observed that 
the rivers carry down to the sea small but 
measurable amounts of salts every year Joly 
proposed to use the sodium salts as an index to 
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eaith’s age Innumerable surveys and analyses 
of the piincipal iiveis earned out m all paits of 
the world show that 156 million tons of sodium 
in the toim of salts aie being added annually 
to the sea Hence, assuming that the addition of 
salts to the sea is uniform throughout geological 
time, It was estimated that the age of the oceans 
cannot be greater than 81 million years Serious 
objections weie raised against this theoiy by 
geologists on the grounds that the salt existed 
m the oceans even at the time of their foimation 
and that the late of deposition of salt into the 
sea IS not unifoim thioughout the ages since the 
seas have not occupied the same positions as 
they do now Taking into consideration these 
tacts, the estimated sodium carried in solution 
annually was reduced to about 33 million tons 
and the corrected age of oceans to about 330 
million years This is fai too low, judging from 
other indications that the geologists have found 
through the years. 

Physicists made an approach to this pioblem 
by estimating the late at which the earth cooled 
down from the very high temperature at the 
time of Its creation to the piesent relatively low 
tempeiatuie. Assuming that the eaith was born 
out of the sun and that solar tcrapeiature has 
not changed one can estimate that early in this 
process a solid crust must have been formed. 
The rate at which the eaith has cooled 
must therefore depend on the rate at which 
heat IS conducted through the earth’s crust. 
Lord Kelvin measured the heat conductivity of 
some of the typical rocks forming the earth’s 
surface. These various values of conductivity of 
locks thus obtained, together with the different 
estimates of the thickness oL the earth’s crust 
at different stages of its histoiy, gave a value 
between 25 to 40 million years for the time 
taken by the earth to cool to the piesent state. 
These values were in marked contrast with 
those of Joly and other workers This discrep¬ 
ancy was at once recognized as a serious defect 
because both biological and geological theories 
favomed much longer time scales At this time 
the theory of biological evolution had come into 


existence, and biologists had built up a tunc 
scale for the various stages of evolution The 
tune sequence foi the foimation of successive 
gioups of rocks, woikcd out by biologists with 
the support of geologists, was much longer than 
the lime allowed by Lord Kelvin foi the same 
puipose The missing factoi which caused such 
a large error in Kelvin’s reasoning became 
appaieni alter the discovery oL ladioactivity. 
Kelvin’s mistake was to leave out of account 
that the eaith also had a souice of heat leleased 
by radioactive transioimations occumng in the 
rocks and mmerals This turns out to be sub¬ 
stantial. Not only does radioactive heat make 
Kelvin’s method ot estimating the age of the 
earth wrong, it also provides a new and accuiate 
method of measuiing geological tune. 

Ihe Fiench physicist, Becqucrcl, made the 
outstanding discovery that uranium salts and 
minerals give out invisible rays which are cap¬ 
able of penetrating paper and other materials 
and can blacken photogiaplnc plates wiappcd in 
black paper. Madame Curie and Prof. Curie fol¬ 
lowed up this obseivation by an exhaustive exa- 
inmation of all the elements then known They 
were able to discovei lhat certain elements such 
as uranium which emitted ladiations at a cons¬ 
tant rate were unallected by chemical, physical 
or any other process They also discovered 
seveial radioactive elements, amongst them 
were radium, polonium and thorium. Radium 
deserves special mention since it is more than 
a million times (more) radioactive than uia- 
iiium. Now we know the existence of over thirty 
or more radioactive elements, all of which are 
produced by radioactive decay of uianium and 
thorium Lord Rayleigh revised the calculations 
of Lord Kelvin by trying to measure correctly 
the heat produced by the radioactive chemical 
elements Since he could not estimate the 
amount of radioactive chemical elements on the 
earth his correction did not give accuiate esti¬ 
mates. However, the constant rate of decay of 
radioactive elements is the basis of a modern, 
accurate method of estimating the age of 
various rocks and mmerals which are found m 
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difierent regions of the eaitli Many of these 
rocks conliun small amounts of radioactive 
elements which have been decaying by emitting 
radiations of dillerent kinds The ultimate 
residue of decay of the radioactive elements in 
the family of uianium and thorium is lead 
During tlie process of rock foimation the end 
product, lead, as well as the parent ladioactive 
mateiial often get tiapped in the body of the 
rock If therefore, the amount of uranium, 
thorium and lead m a rock specimen is measur¬ 
ed, one can calculate when the rock came into 
existence, since the rates of decay for these 
elements are known. A fairly reliable figure for 
the age of a given rock can be obtained by this 
method However, such a determination sets 
only a lower limit foi the age of the formation 
m question and the limit is valid only until a 
rock to which we can assign an older age has 
been found in the same region, Many of the 
oldest lock specimens from different parts of 
the world have been studied by this and other 
similar methods based on the principle of 
measuring the end products such as lead or 
letium in the process of radioactive decay. 
The present indications using those methods are 
that the oldest rocks are mostly pegmatites 
(coarse-grained granite) found in some regions 
of the eaith, with a maximum age of about 
2700 million years 

The figure of 2700 million years, however, is 
less than what we can regaid as the age of the 
earth The age of the earth will properly be the 
age at which the earth’s crust was formed. 
Detailed studies by scientists, using differing 
methods, have been made in lespect of the 
average granitic rocks, a large and old consti¬ 
tuent of the earth’s crust. The age for the oldest 
granites is m the neighbourhood of 2500 million 
years. These methods can be applied to meteo¬ 
rites, the wandering pieces of stone or metals 
in the solar system that occasionally fall into 
the earth. The oldest age of the meteorites that 
recent investigations have shown is about 
5,500 million years Since the meteorites as well 
as the earth are parts of the solar system it is 


possible that the earth and meteorites may well 
have been formed at about the same time Since 
the oldest pegmatites are 2700 million years 
old. It IS likely that the eaith’s ciust got con¬ 
solidated another 1500 million years or so 
earlier, that is about 4500 million years ago 
The history of the eaith during the interval be¬ 
tween 4500 and 2700 million years remains 
unclear, as does the earlier period before 4500 
million years ago. Theoretically, 4500 million 
years should be regarded as a lower limit tor 
the earth’s existence. Actually, it is unlikely that 
the true age of the earth is a great deal more 
than this figure, 

VII. Earthquakes, volcanoes, fumaroles, hot 
springs and geysers 

Earthquakes 

Many of you have experienced the sudden 
shaking of buildings and even the earth, these 
are earthquakes and they occur quite often. 
Fortunately, most of them are weak and do not 
cause serious damage to human beings Once in 
a while a big eaithquake occurs If it occurs in 
areas where there are human habitations, cities 
and towns, it causes destruction of human life, 
buildings and structures. A large earthquake 
occurring m hills and mountains can change the 
course of a river or the watershed areas of the 
region Earthquakes are due to the gigantic 
forces kilometres deep in the earth’s crust which 
are continually trying to push or pull, bend or 
stretch, squeeze or twist the compressed interior 
of hot rocks They are more powerful than any 
forces, natural or man-made, that we see at work 
on the surface The underground forces build up 
for a time, like steam pressure in a boiler For 
months, years, or even centuries, these forces 
build up Then, all at once, some weaker part of 
the underground rock mass reaches its limit of 
endurance. Under unbearable stress, it cracks or 
fractures, and the release of stored up forces 
causes a violent shivering motion in the bed¬ 
rocks around it An earthquake is what happens 
when large blocks of the earth’s crust slip, slide 
or break. 
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Seismology is concerned with certain aspects 
of earthquake phenomena The tremor or quake 
IS propagated tliiough the elastic rock material 
of the earth as a wave motion which travels at 
a speed of about 400 miles a minute The 
seismograph, ingenious yet simple, is an alert 
watchman Seismographs are very sensitive The 
frame is anchored in the bedrock. One end of 
a pendulum is atached to the frame and the 
other end which is quite heavy is free. When 



the eaithquake causes the bedrock to shake, the 
frame shakes with it But the tree end of the 
pendulum remains practically motionless. A 
rotating spool of photographic or chart paper 
is built into the frame. A steady beam of light 
coming from the free end of the pendulum 
draws a continuous line on the paper as the 
spool unrolls Duiing the earthquake the bed¬ 
rock vibrates So does the spool. But the beam 
of light coming from the practically motionless 
pendulum does not shake. Consequently, the 
line it makes on the paper is wavy and the 
earthquake is recorded The more severe the 
earthquake, the bigger are the waves in the line. 
There are on an average several thousand 
earthquakes per day Most of them are so slight 
that they can be detected only by seismogiaphs, 
but about 25 quakes each year are big enough 
to do serious damage Most earthquakes start 
9 


from faults within 60 km or less below the 
earth’s suiface Some occur at depths of over 
300 km and very few at depths of over 650 km 
The very deepest ones occur mainly in the 
Western Pacific region where mountain-build¬ 
ing is now rapid and volcanic activities aie 
constant Some eaithquakes originate on or 
close to the ocean floor, especially near the 
nariow curved deeps or gorges m the ocean 
floor These submarine earthquakes generate sea 
waves (the Tsunamis of Japanese seismologists) 
which can sometimes be quite destructive. 

The originating centre of earthquake waves 
of some volume is called the focus It is usually 
situated at a depth of only a few miles but can 
sometimes be much deeper The area on the 
surface vertically above the focus, where the 
shock IS most intense, is called the epicentre 
The waves spiead in all directions from the 
focus with gradually diminishing intensity as the 
distance inci eases Points of equal intensity of 
shock, if joined up, will give a series of 



irregular spherical or ellipsoidal surfaces con- 
centiic with the focus These shells will intersect 
the earth’s surface m a senes of nrcgular con- 
centiic lines around the epicentre. These lines, 
which join the points of equal intensity of 
shock on the surface are called isoseismals 
Earthquakes are mainly produced by sudden 
shiftings of weight due to earth movements 
which are, in turn, caused by the growth of 
folds and faults Earthquakes may also be 
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caused by volcanic outbursts, by roclcfalls in 
great landslides, and by the collapse of the roofs 
of caves and old mine workings These, while 
occasionally seveie, are usually light and always 
local in their effects Mild tremors, detectable 
only by delicate earthquake instruments (seismo- 
meteis), are caused by relatively small shiftings 
and accessions of weight such as the diurnal 
movements of the tides, heavy rainfall and rapid 
variations of atmospheric pressure Moreover, 
as the earth is non-uniform and is rotating at 
a tremendous speed, its crust is constantly 
trembling like the rim of a badly balanced 
flywheel 

The typical seismogiaph of an earthquake 
record shows first a series of undulations (first 
preliminary tremors) due to the P-waves which 
travel the fastest, then a series (second preli¬ 
minary treraois) due to the S-waves, and finally 
undulations of much greater amplitude (main 
shock) produced when the slow L-waves arrive 


two miles per second. This enables one to 
locate the epicentre of an earthquake Thus, if 
a seismograph records P- and S-waves ariiving 
200 seconds apart, the epicentre is about 
100 miles away 

Effects of Eatthquakes 

Apait from the immediate destruction of life 
and property, earthquakes produce geological 
effects 

Tensional Effects Tensional effects include 
Assuring and faulting consequent upon the 
teaiing apart of the earth’s crust. Visible folding 
IS seen m major earthquakes Extensive fissuring 
of the ground often accompanies great eaith- 
quakes and this interferes with the diamage 
causing some springs and wells to fail and new 
springs to appeal at other places Large quan¬ 
tities of sand and mud aie brought up and 
strewn over the surface by the water Com¬ 
pressive effects are shown by the contraction of 



The epieentre of an earthquake, that is, the 
location on the crust where the shocks are 
strongest, can be learned from the analysis of 
the shock waves. These are of two mam types. 
The primary P-waves travel through bedrock 
like ripples across the surface of a pond The 
secondary S-waves are more like loops along a 
rope, shaken at one end, P-waves travel at 5 
miles per second, and S-waves at 3 miles per 
second. When an earthquake occurs, the 
P-waves always reach the seismograph earher 
and the S-waves with a difference in speed of 


the earth’s cnist through earthquakes, attested 
by the vertical or horizontal buckling on 
railway or tramway lines and by the telescop¬ 
ing of sewer and water pipes In the Japanese 
earthquake of 1891, river valleys were narrowed 
and plots of land compressed from 16 yd in 
width to 10 yd to the great dismay and indigna¬ 
tion of people. Gravitational effects produced 
by the earthquakes include throwing down of 
loose materials lying in unstable or near-un¬ 
stable positions, as landslides. 

The material effects of earthquakes on human 
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Cities and stiuctures are so damaging that much 
thought has been devoted to the possibility of 
minimizing them by the recognition and avoid¬ 
ance of situations specially liable to earthquakes, 
and by suitable building designs m earthquake 
legions 

Import ant Earthquakes. An impoitant con¬ 
sequence of earthquakes to us is the damage 
they pioduce One of the worst of all earth¬ 
quakes hit the cities of Yokohoma and Tokyo 
m Japan a generation ago These cities lie near 
the shores of Sagami Bay In September 1923, 
the bottom of the Bay suddenly sank The whole 
icgion took a fiightful shaking Before the 
disaster was over the entire city of Yokohoma 
was a smoking ruin and half ol Tokyo was gone. 
The damage amounted to hundreds of croies 
of rupees and 140,000 people died among the 
fallen buildings and flames In the United States, 
tlie most disastrous earthquake was one that 
shook San Fraiisisco m 1906 At five in the 
morning when most of the city was still asleep 
the tieniors began. The wooden buildings caught 
fire and the city burned for days About 450 
people lost their lives When the volcano of 
Krakatoa blew up in 1883 there was a tremen¬ 
dous earthquake and the resulting wave caused 
damage at distances up to a thousand kilometres 
away An eaithquake m 1908 in Sicily killed 
76,000 people and injured 100.000 persons In 
the Kansu earthquake of China in 1923 the loss 
of life was more than 100,000. According to 
Malley, the world has lost at least 13,000,000 
lives in earthquakes in the past 4,000 years 
According to an estimate, Japan, one of the 
most earthquake-prone nations of the world, 
experiences three shocks on the average each 
day. 

Eatthquakes in India Earthquakes occur in 
regions of marked instability of the crust such 
as mountain belts of recent geological date. One 
such region is the zone of Himalayas, and the 
Burmese and Baluchistan Arcs around the 
noithern boiders of the Indian Peninsula which 
have faulted and folded and overthrust during 
the Tertiaiy period The peninsular part of India 


is a region of high stability as mountain build¬ 
ing movements in this area had ceased long ago. 
The Assam earthquake on June 12, 1897 was 
one of the most disastrous shocks that ever 
occurred. Shillong and the neighbouiing areas 
(350,000 sq km) weie almost completely 
destioyed within a minute The North Bihar 
earthquake on January 15, 1934 was another 
huge earthquake m which more than 12,000 
people were killed The Quetta earthquake on 
May 31, 1935, killed nearly 20,000 people A 
recent disastrous earthquake was that of August 
15, 1950, near Rima (29° N 97° E m the Zayal 
Valley on the Assam-China border in front of 
the Assam wedge). Fortunately the shock 
occured in sparsely populated areas Eyewitness 
accounts state that duiing the Assam earthquake 
of August 15, 1950, the earth began to shudder 
violently, solid-looking hills seemed to be in 
the gup of a force which shook them as a terrier 
shakes a lat. Mountains were badly mauled, 
wide belts weic ripped off, carrying trees and 
rocks with them The general destruction was 
terrible and widespread In fact the total energy 
leleased during the Assam eaithquake has been 
estimated to be of the order of 10“' calories 
which is equivalent of the energy released by 
the simultaneous explosions of a million atom 
bombs of the usual vaiiety or of over a thousand 
hydrogen bombs The Assam earthquake has 
been reckoned as one amongst the five or six 
big ones that have occurred during the whole 
of human history. 

The greatest belt of seismic activity is round 
the border of the Pacific and affects Alaska, 
Aleutian islands, Kurile islands, Japan, the 
Philippines and Solomon islands. New Guinea, 
New Zealand and the west coast of the 
American continents A second and less import¬ 
ant belt includes the Mediterranean region and 
passes through Asia to ]Oin the Pacific belts in 
the East Indies There are lesser belts in the 
Arctic, Atlantic and Indian Oceans and in 
East Africa A study of earthquakes during 
the last 150 years shows that they have occur¬ 
red all along the Himalayan, Burmese, Balu- 



70 


GENERAL SCIENCE TOR YOU 



cliistan mountain belts and also m the Pamir 
regions beyond Kashmir. A large number of 
earthquakes have been recorded m North 
India and m Himalayan mountain belts 
during historic times (See Figuie 218) 

Volcanoes, Geysers, Hot Springs and Fumaroles 

All these are forms of what geologists call 
Igneous activity. Igneous is derived from the 
Latin word ‘ignis’ meaning fire All igneous 
activity is caused by underground heat Exactly 
where and how this heat is produced is not 
clearly known but some of it perhaps come from 
radioactive minerals. Other possible sources of 
heat are chemical reactions m the earth’s crust, 
it is perhaps also produced occasionally by 
friction as big sections of crust shift and rub 
against one another Perhaps some heat also 
comes from the very hot mantle of the earth 
which may be m a plastic state All this heat, 
and pressure from the weight of the bedrocks. 


aie constantly at work on the materials that 
makes up the crust Deeper down, heat and 
pressure probably keep the mateiial m a plastic 
or doughy foim which geologists call magma 
Hot springs of water are produced by water 
which has passed over hot rocks underground. 
This water is mostly ram water that has worked 
its way down through cracks. Because of the 
heat and pressure this water is able to dissolve 
more minerals than it could normally Hot 
springs generally occur m regions of active or 
recent volcanism. Japan and New Zealand 
are famous for their hot springs. In Bihar 
and West Bengal there are several hot spring 
areas. 

Concept of a Volcano A volcano is generally 
thought of as a steep conical mountain having 
a crater at its top, from which at intervals, gases, 
rock fragments, bombs and lava flows aie 
ejected This concept fits Vesuvius, the world’s 
best known volcano, near Naples in Italy, and 
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because of it, this picture has popularly come 
to be regarded as typical of all volcanoes A 
world survey shows, however, that many of the 
volcanoes diverge greatly from this picture 
Teclinically speaking, a volcano is an opening 
in the earth through which heated matter rises 
to the suilace and around which it builds a 
more or less cone-shaped hill The opening or 
vent through which the hot material rises is the 
crater In addition to the centrally situated 
main cratei, volcanoes may have one or more 
subsidiary craters on the flanks of the cone 



Thus, the essential feature of a volcano is an 
eruptive apparatus, chiefly a conduit that 
connects the interior with the exterior of the 
eaith This conduit is often refeired to as the 
throat of a volcano The moie or less conical 
structure that is built around the orifice of the 
conduit IS called the volcano edifice The term 
‘volcano’ is customarily used, however, to 
include both the vent and lull or mountain built 
around the vent. 

Types of Volcanoes Studies show that 
volcanoes display a great variety in their charac¬ 
teristics Tn volcanoes of an explosive type, the 
eruption is very violent and of a short duration 
and the ejected matter consists of mainly solids 
and gases At the other extreme are the quiet 
type of volcanoes which erupt with very little 
violence Molten lava flows down when boiling 
and sputtering occurs in the crater Most of the 
volcanoes are intermediate between these two 
extiemes, where alternating solid and liquid 
materials are ejected with considerable force. 
Thus three types of volcanoes are recognized— 
explosive, intermediate and the quiet type. 


To the human mind volcanic eruptions are 
the most impiessive of all geological activities 
because of the immensity of the foices dis¬ 
played, magnitude of the results so lapidly 
achieved and the disastrous consequences that 
so frequently ensue 

Although an exact tally has never been made. 
It IS quite certain that the number of volcanoes 
on the earth runs to several thousand, of which 
only four oi five hundred are now active It is 
customary to classify the volcanoes that have 
erupted within the experience of man as active, 
the others are consideied extinct This distinc¬ 
tion between active and extinct volcanoes is not 
iigid, foi a volcano may he doimant foi many 
centuries and then resume activity Intervals of 
comparative quiet or of complete calm may 
alternate with periods of violent outbreaks A 
period of ejection of material is called an 
eruption. Volcanoes range m size from small 
cones hardly larger than a beehive to some of 
the loftiest mountains on the globe Many of 
the grander peaks of the Andes are volcanoes, 
some of these are active, such as Cotopaxi in 
Ecquador, which has the distinction of being 
the world’s highest volcano, 6000 m (19,600 ft) 
m altitude It has a ciater half a mile wide and 
1500 ft deep Volcanoes of Hawaian islands rise 
from the floor of the Pacific Ocean at depths 
of 3500 to 4500 m (le, 14,000 to 18,000 ft) 
Since their highest summits projects 3500 m 
(14,000 ft) above sea level, they attain a total 
height of over 9000 m (30,000 ft) 

In a volcanic eruption the crust is broken 
through up to the mantle and the heat and 
pressure of the mantle are locally and partially 
released through the vents One of the biggest 
eruptions recorded by man is that on Krakatoa, 
a volcanic island in Sunda Strait. On Sunday, 
August 26, 1883 it started as a series of explo¬ 
sions. In a few hours, the explosions developed 
into a gigantic spasm that blew two craters to 
bits and left water 900 ft deep in one place 
where the island had been 2600 ft high The 
noise was heard in Australia and the pressure 
waves set up by the transmission of sound were 
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recorded all over the woild. Ocean waves 
lesulting fiom the event drowned 36,500 persons 
in the coastal regions of western lava and 
southern Sumatra The dust and ash went up 
30 km into the atmospheie and lingered there 
for several years. The ash was thrown into air 
and carried by air cuirents to all parts of eaith 
and fell in measuiable quantities on sheets in 
Euiopcan cities After a whole yeai, the sunsets 
were still coloured and lendeied dim by the 
dusty air even in distant countries and ineasuie- 
ments showed that the sun’s beat reaching the 
earth’s surface was only 87 per cent of the 
normal value. 

On February 28, 1943, a Mexican farmer 
named Pullido had a unique and terrifying ex¬ 
perience He witnessed the birth of a volcano. 
The volcanic eruption was in full blast. Three 
days later the cone was 300 ft high and erupting 
at the rate of 17 explosions a minute On its 
first birthday, a year later, the Paricutiii volcano 
had reached a height of 1410 ft Duung the first 
year Paricutm erupted lava and cinders at the 
late of 1,400,000 tons a day With its continuous 
activity Paricutm falls into a class of volcanoes 
known as Stionibolian fiom the famous cone in 
the Lolpar islands which, as the crater lights up 
the clouds at night, is called the ‘Lighthouse of 
the Mediterranean’ Stiomboli seems to have 
been in continuous eruption since the time of 
the ancient Greeks who mention it. Another 
type of volcano is Vesuvius, which is character¬ 
ized by spells of violent activity with tremendous 
explosions with comparatively little lava, alter¬ 
nating with periods of almost complete 
quiescence 

Indian Volcanoes Though tertiary volcanism 
has been widespread in the Himalayas, 
Burma and Baluchistan, lecent volcanic activity 
is known only m the Barren Island and 
Narcondan in the Burmese Aic and in the 
Naslikit in Baluchistan. Theie are no living or 
active volcanoes anywhere in the Indian region 
The Malay branch of the line of living 
volcanoes—a part of the Sunda Chain—if pro¬ 
longed to the north would connect a few 


dormant or extinct volcanoes belonging to this 
region Of these the most important is the now 
doimant volcano of Baircn Island in the Bay 
of Bengal to the east of Andaman Islands It 
occupies an aiea of little over 3 sq miles and 
the iidge is 600 to 1000 ft high, the central cone 
rising to 1015 ft above the sea level It was seen 
in actual eruption in 1789, 1795 and 1803 Since 
then it has been dormant Another volcano 
along the same line is that of the island 
Naicondan, a craterless volcano From the 
amount of denudation that the cone has under¬ 
gone it appears to be an old extinct volcano A 
third example is the volcano of Popa, situated 
about 50 miles noith of the oilfield of Yeman- 
gyaurgi One more volcano within the Indian 
region but far on its western border is a large 
extinct volcano, Koh-i-Sultan, in Nashkit in 
Western Baluchistan Further along the same 
alignment is the Koh-i-Taftan in Iran which is 
said to be still active Among the volcanic 
phenomena of recent age is the crateriform Lake 
of Lonar Its exact origin is uncertain, although 
it IS ultimately perhaps connected with volcanic 
action An cdervescent volcanic eruption in 
1756 of the Pondicheiy coast threw up large 
volumes of ashes and pumice and built up an 
island two miles long while the eruption lasted. 

All the phenomena associated with the move¬ 
ment of hot molten and vapourous matter are 
included in the broad term ‘volcanism’ 
Volcanism is one of the important constructional 
or earth-building activities Most of the material 
ejected by a volcano is either liquid lava or 
fragments of partially or completely solidified 
rock in addition to astounding quantities of 
steam and ash Steam is discharged by active 
volcanoes m immense quantity, as indicated by 
the great height and enoimous volume of the 
clouds that accompany many eruptions The 
composition of gases during an actual volcanic 
eruption is not directly known, because of the 
difficulties of studying a volcano under such 
conditions and of capturing gases uncontami¬ 
nated by atmospheric gases. However, it is in¬ 
ferred with good reason from indirect evidence 
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to consist chiefly of steam. It is estimated that, 
on an average, m 100 days of activity volcanoes 
discharge nearly 460 million gallons of water 
Besides steam, other gases and volatile products 
aic exhaled by volcanoes Amongst these aie 
gases like caibon dioxide, hydrochloric acid, 
hydiofluoric acid, hydrogen and various com¬ 
pounds of fiagmental material and ash (volcanic 
ash) These materials expelled into the air during 
a volcanic event are collectively called ‘pyro¬ 
clastic mateiial’ The ejected products after 
cooling, in part are composed of compact solid 
rock and in part aie of a spongy, cellular, or 
vesicular character The character and appear¬ 
ance of the molten material pouring out of the 
surface, known as ‘lava’, depend on several 
things like composition, viscosity and the 
temperature of the magma or the material of the 
mantle It is loughly estimated that the erupted 
magma will be at a temperature of neaily 
1200°C Volcanoes in general give direct 
evidence of the state and composition of the 
mantle in the region connected by vents through 
the crust to the volcanic openings 
Volcanic phenomena require us to infer the 
presence of masses of magma undeiground that 
supplied the lava and pyroclastic products Any 
explanation of the causes of igneous activity 
must be based in part on inference, for the 
depths of the earth cannot be observed directly 
At depths of several kilometres it is probable 
that the temperature is high enough to melt all 
locks at surface pressure. But the enormous 
pressure at that depth prevents the rocks from 
being converted to the liquid state. Perhaps a 
delicate balance between the effects of tempera¬ 
ture and those of pressure is normally main¬ 
tained At certain places, however, the pressure 
may be released or decreased, as a result of 
which the temperature becomes .the dominating 
factor and local pockets of fluid magma are 
formed If the impelling force is sufllciently 
strong, then some of this molten magma may 
burst forth as volcanoes and fissure eruptions 
The span of life of active volcanoes differs 
greatly Mt Etna, we know from written testi¬ 


mony, has been erupting for the last 2500 yeais 
much as it docs now Its great volume, com¬ 
pared to its slow latc of growth, makes it 
probable that at least 300,000 yeais have been 
requiied to build this grand volcano On the 
other hand we know fiom geological evidence 
that Etna did not begin to eiupt until the middle 
of the Pleistocene, the most recent of geologic 
time epochs From this standpoint, Etna is a 
comparatively youthful volcano During all its 
life a volcano is subject to weathering and 
eiosion Its height and appearance at any given 
time are determined by the balance between 
this destructive and its own constructive or 
building power. 

Volcanoes are commonly associated with 
mountain-making and earthquakes in regions 
where the earth’s ciust is weak Perhaps 90 per 
cent of the active and lecently extinct volcanoes 
arc located in two long, narrow, mountainous 
bells adjacent to deep ocean basins Outside 
these belts the only volcanic area of any great 
importance is Iceland, with its twenty-five or 
more active volcanoes One of the great belts, 
or senes of belts, of active and recently extinct 
volcanoes is the so-called Pacific Girdle of Fire 
that forms an intermittent ring of volcanoes 
which can be traced around the earth more or 
less parallel with the equator, and foi the most 
pait north of it 

Geyseis Geysers are eruptive hot springs from 
which a column of mingled steam and water is 
explosively ejected at intervals The name 
comes from the Icelandic district of Geysir, 
where this phenomena was first noted and des¬ 
cribed In Iceland there are thousands of hot 
springs m all stages of transition, from pools of 
hot water, through simmering or quietly boiling 
pools, to periodically erupting geysers. 

The Mechanism of Geyser Action The mecha¬ 
nism of geyser action is not clearly understood 
Temperature measurements show that the boil¬ 
ing point IS reached some distance below the 
surface of the pool, but the weight of the over- 
lying column of water prevents the water from 
flashing into steam It is believed, however, that 
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Fig 2 20 A geysei 


heat is conducted into the water column, or 
rather the network of channels, from the 
surrounding hot rocks, or from super-heated 
steam The temperature is therefore constantly 
rising, until at last a small pocket of watci 
passes into steam, and causes an overflow at the 
surface. This acts as a trigger, it relieves the 
pressure on the column sufficiently for all of it 
to expand explosively into steam, thus causing 
the eruption. Afterwards the system fills up 
again with hot water, and the whole process is 
repeated after a longer or shorter interval As 
geyser action depends on a delicate balance 


between water supply, pressure, rise of tempe¬ 
rature, and probably the shapes of the channels, 
It is not surprising that the phenomenon is, in 
gcncial, irregular and short-lived Thus the 
Great Geysei, always rather irregular in its 
period, has completely ceased erupting since 
1918 A well-known and beautiful geyser is the 
‘Old Faithful’ It spouts 15,000 gallons of steam 
and boiling water 150 ft into the air every 
65 minutes oi so. Beneath every geyser is a 
looping channel lunning down into a region 
of very hot rock Undeiground water leaks 
into this channel and is heated by the rock. 
However, some of the water gets so hot that it 
changes to steam. The Great Geyser of Iceland 
gives out an erupted column of estimated 
height of 90 ft. The region of fumaroles, 
geysers, and hot springs is subject to sudden 
changes In Yellowstone National Park, for 
example, the system of undergiound channels 
was badly disrupted by the earthquake of 
August, 1959. Hot springs became geysers, 
geysers turned into hot springs, and some of 
these went out of action entirely. Even the ‘Old 
Faithful’ changed its time-table. 

Fumaroles 

The word ‘fumaiolc’ is derived from the 
Latin word ‘fumor’ which means ‘to smoke’ 
These are fissuies of vents through which 
gases arc ejected. These fumarolic gases are 
very hot and sometimes reach temperatures as 
high as 650'’C. The hot gases rise through 
surface fissures from the magma far below 
The hot underground gases are sometimes so 
hot that they can dissolve metals such as iron, 
copper and lead. The term ‘fumarole’ is used 
also for high-tcmperature steam emission At 
lower limits of temperatures fumaroles pass into 
boiling springs and geysers. Fumarole regions 
include Yellow Stone National Park and Valley 
of Ten Thousand Smokes in Alaska The most 
spectacular recent example of steam jet activity 
what that which occurred in the valley of Ten 
Thousand Smokes in connection with the great 
explosion of Katmai Volcano (Alaska, in June, 
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1912) As acLivily wanes, fumaroles degeneiale 
into hot springs and geysers. There are three 
main regions where hot springs and geysers 
occui on a large scale: the Yellow Stone Park 
in USA, Iceland, and New Zealand Mineial 
subslanccs arc usually dissolved in the hot 
waters, of which calciunr carbonate and silica 
aie the chief components As the water over¬ 
flows it cools, and the calcium carbonate 
(travertine) or silica (siliceous sinter) is depo¬ 


sited as quccrly-shaped mounds aiound the 
springs, or, if the springs are situated on an 
interrupted slope, as m the Yellow Stone Park, 
the deposits build up step-like teiiaces, often 
dazzlmgly white, but occasionally coloured, 
which form spectacular scenic features. The 
beautiful pink sinter tcriaces of Rotoinahana 
in New Zealand were unfortunately destroyed 
in 1886 by an eruption from the Tarawera 
volcano. 
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Chapter 3 


Meteorology 


Whether you live in a big city or in the open 
countryside, you must have sometimes looked 
at the sky and been deeply impressed by Us 
beauty or stiuck with awe at its vast expanse 
No wonder man has always keenly observ¬ 
ed the sky. He has also tried to understand 
the ‘whys’ and ‘hows’ of the happenings 
theie. He has speculated why at times the sky 
IS completely covered with dark, thick clouds: 
why sometimes incessant rain pours from the 
cloud, or blinding strokes of lightning rend the 
daikness, why violent wind mow down the 
trees and dwellings m their path, or, why the 
sky is sometimes serene, without a speck of 
cloud 

There is evidence that in India our fore¬ 
fathers were curious about the various occur¬ 
rences in the skies and sometimes described 
them as the work of the devas Being an agri¬ 
cultural society, the people depended on the 
rams for a good harvest. It is believed that a 
measuring device for ram existed as early as 
the fourth century B C, and our ancestors had 
defined units, called diona adhaka and palas, 
for measuring rainfall. In ancient works like the 
Manu Smiiti and Attha Shastra (dated about 
third century B C.) there are slokas devoted to 
weather and the phenomena associated with it 
In the sixth century AD, Vaiaha Mihir com¬ 
piled a compendium almost entirely devoted to 
meteorology and related subjects, containing 
numeious slokas devoted to the phenomena of 
weather and to observations, predictions and 


other speculations regarding it All of these 
cannot be called scientific in the light of pieseiit- 
day knowledge. However, many of these show 
keen obseivational power and deep intuitive 
knowledge 

In the European tradition, too, the study of 
weather has very ancient oiigins, dating back 
to the time before Aristotle, who gave the name 
‘meteorology’ to weather study The invention 
of the thermometer and barometer m Europe m 
the seventeenth century is considered to be the 
beginning of modern meteorology The atmos¬ 
phere IS a gaseous envelope which suirounds the 
earth and is bound to it by the earth’s giavita- 
tional attraction The weather phenomena we 
have been talking about occur m the earth’s 
atmosphere The earth and a few other planets 
have atmospheres The earth’s atmospheie con¬ 
sists mainly of nitrogen and oxygen, a small 
amount of water vapour, and minute traces of 
carbon dioxide and several other constituents. 
This envelope is believed to extend to very great 
distances Above the height of some 700 km, 
the gaseous molecules of the atmosphere begin 
to escape into space This region may be con¬ 
sidered to be the top of the atmosphere and is 
called the ‘exosphere’. About half the total mass 
of the ail in the atmosphere is confined to be¬ 
low 6 km (18,000 ft) and three-fourths of the 
mass to below 12 km (35,00 ft) above the 
surface of the earth. On certain other bases, 
about which you will learn more in the later 
sections, the atmosphere can be divided into 
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layers The lowest of these is the tropospheie 
(10 km), then eomes the stratosphere (from 10 
to about 80 km), and finally, the ionosphere 
(above 80 kra) Ordinary weather phenomena, 
involving ram and clouds, occur in the tropo¬ 
sphere since piactically the entire water content 
of the atmosphere is confined within the tropo¬ 
spheric layer. 

The study of the numerous physical and 
chemical processes going on in the atmosphere, 
and its motion and interaction with the under¬ 
lying surface, constitutes the subject-matter of 
meteorology This study will enable us to under¬ 
stand the manner in which the atmosphere 
behaves, and thus we may be able to predict 
its future states Literally, the Greek word 
meteoros means lofty or elevated, and logos 


means discourse Meteorology comprises the 
study of both weather and climate 

Climatology 

Try to remember a day in the month of July, 
no mattei in which part of India you may be 
living, and recall the condition of the atmos¬ 
phere on that day It might have been a day 
with the sky oveicast with cloud, and the sun 
out of sight, 01 a windy day with low clouds 
and incessant ram, or it may have been a cloud¬ 
less day with blight sunshine, making you feel 
hot and sticky, or again, it may have been a 
pleasant day with a few light showers, or with 
some light clouds slowly drifting across the sky 
Each of these days represents a different type of 
weather. When we consider a very large number 
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of days in July and try to get an aveiage pictuie 
of the weather, we are thinking of tlie climate 
of that place in the month of July The average 
picture of a day that wc get may icsemble one 
of the above types moie than die others, but 
may not be identical with any one of them If 
wc try to expiess this idea in numbers, wc will 
have to take measurable quantities such as 
maximum oi minimum tempeiatuics, the daily 
rainfall, or the relative humidity ol the air, ex- 
piessed as percentages The combination of these 
values would be characteristic of the weathci of 
a particular day, and would vaiy fiom day to 
day We can collect these values foi as many 
days as possible in a month and find the 
averages. These average values give us some 
idea about the climate of the place However, 
we have to have some other figures m addition 
to the above averages, such as the highest or 
lowest figure ever recorded duiing the period 
for which the data is being examined These 
highest and lowest figures give us an idea about 
the range of variation in the temperature, humi¬ 
dity 01 rainfall For an exhaustive study, these 
variations must be examined more thoroughly 
Besides, the study of climatology olfeis some 
explanation of the causes of such variations 
The climate of a place depends in a compli¬ 
cated manner on several factors. One of the im- 
poitant factors is the latitude of the place, which 
as you know, determines the inclination of the 
sun through the year, the Greek world Idima, 
from which the woid ‘climate’ has been derived, 
means inclination Obviously, the ancient Greeks 
realized the importance of the sun’s energy in 
determining the climate of a place. 

At a few places in India, observations are 
available for over a liiiiidied years Some of 
these places are Varanasi, Trivandrum, Roorkee, 
Poona, Madras For these places, the values of 
the maximum and minimum temperatures and 
rainfall, and other figures are available for a 
period of over one hundred years If you con¬ 
sider only the month of luly, the tempeiature 
and rainfall values for more than one hundred 
Julys have been collected and recorded m charts 


and tables If we take the averages for the total 
period, and then separately for the first half 
and the second hall of the century, will the 
three coricsponding average values be the 
same? 

This question, in fact, is the same as the 
question often asked : ‘Has the climate at these 
places changed during the last century‘s’ The 
matter has been very carefully examined with 
the help of observations taken at a number of 
places in the woild, which have continuous 
records of over a bundled years The stations 
were chosen with care, so as to eliminate all 
tliose m which changes might be suspected to 
be due to defective records nr man-made causes. 
The finding is that even if thcie arc any changes, 
these arc quite small However, if you consider 
periods of time not in hundreds of years but in 
thousands and millions of ycais, as the geologists 
do, the climate over the eaith has ceitamly 
undergone large changes You have been told 
that the earth was very hot in the beginning and 
has giadually cooled down Geologists tell us 
that in the last few million years alone there 
have been many ice ages Between these ages 
of intense cold there were mild periods, and the 
rainfall and snowfall have varied greatly during 
the different epochs. When we consider periods 
of time on a geological time scale (of millions 
of years), wc find that there have been large 
changes in the climate of the earth 

The changes in the climate duiing the past 
one 01 two centuries, however, are negligible 
compared to the above changes. 

The mam factors which define the climate of 
a place are' (li) atmospheric pressure, (h) tem- 
pciature, (c) wind flow, {cl) humidity, (e) rainfall, 
(/) sunshine Each one of these meteorological 
elements has to be very carefully measured 
under standard conditions, preferably several 
limes every day, thioughout the year, for a large 
number of years The records must be carefully 
preseived. Nowadays microfilms are used foi 
this purpose, and mechanical methods are re¬ 
placing manual calculations Since the last 
twenty years or so, these measurements are 
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rccoidcd at a fairly large numbei. of places all periods, these are used foi worhmg out the 
over the world, both at the ground level and averages Accoiding to the instructions of the 
the upper levels of the atmosphere These World Meteoiological Organization (WMOj 
measurements of pressure, temperature, humi- the averages of the records for the period 1931 
dity are recorded at various fixed levels above to 1960 are to be called ‘standard normals’ for 
the surface of the earth up to great heights international use These may be leviscd every 
These records are preserved like the recoids of decade and some countries have already worked 
measurements at the ground level and provide out the normals for the period 1931 to 1960 
data for a climatological study of the upper The use of such normals throughout the world 
atmosphere. would bung about a great deal of uniformity 

When records have been collected over long These normals of climatological information are 
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required by many people for purposes that range 
from the selection of a factory or dam site to 
the planning of a mountaineering expedition. 

There are diHerent methods of representing 
the climatological elements A common method 
is to prepare charts and maps on which places 
having the same value of an element are joined 
by smooth lines called isotachs In climato¬ 
logical atlases one finds a collection of such maps 
showing isotachs of mean annual and monthly 


values of different elements such as pressure, 
wind and temperature They also contain maps 
showing annual or seasonal rainfall 

To represent the climate of a single station, 
cliniogiams are prepared A simple variety of 
climogram gives the average monthly rainfall 
on which the average monthly mean tcmpeia- 
tuie is also plotted Two examples are shown 
(Figures 3 2 and 3.3) 

The variation of the climate of a place from 
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month to month during the course of a year is 
anothei aspect requiung some attention At 
some places the changes from month to month 
are giadual and very small, whereas at others, 
periods with markedly different climates can be 
clearly distinguished In the latter case, we call 
the markedly different periods the ‘seasons’ of 
the year. 


81 

The most inipoitant feature m the climate of 
India is the alternation of the seasons known as 
monsoons. These aie caused by the two main 
wind systems: 

(n) The system consisting of maritime (sea) 
air flowing to the land 

(h) The system consisting of land air flowing 
to the sea 


Fig 3 4 
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The first constitutes the South-west Monsoon, 
commonly called the monsoon which, incident¬ 
ally, is the best known example of a large-scale 
monsoon phenomenon Between these two arc 
interposed the transition seasons of the hot 
weather and the reheating monsoon season 
Thus the year is divided into four seasons: 
(0 winter (January and February), (li) hot 


weather (March to May), (ih) S W. Monsoon 
(June to September), and (/v) post-monsoon 
(Octobci to December) 

In most parts of India the yeai is divided 
into well-marked dry and persistently wet 
periods, as the climate is greatly influenced by 
the two systems of winds mentioned above 
under (n) and (h) Only in cerLain parts of 
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norlhern India there is a small amount of rain¬ 
fall or snowfall during the winter In the east 
coast at Madras and south of the Peninsula, the 
second wet period is m the later part of October 
and November 

Figures 3.4 to 3 7 on pages 81-94 give you 
some idea about the temperature distribution in 
the months of January and July and the 


seasonal and annual rainfall over India You 
will see from the two rainfall maps how closely 
the heavy rainfall follows the mountain ranges 
along the Western Ghats and amongst the 
ranges in north-east India This shows the very 
important role which mountain ranges play in 
bringing lainfall However, you have to remem¬ 
ber that this IS only one of the factors which 
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cause rainCall duiiiig the monsoon season in the 
Indian aiea 

Another Icatuie of the climate which you can 
clearly notice from Figiiics 3 6 and 3 7 is that a 
very large percentage of the annual lainfall over 
most paits ol India ocems during the period in¬ 
cluded between the dates of the onset and retreat 
of the monsoon, shown on the maps 


We mentioned earlier that the Gieeks realized 
that the climate of a place depends on the in¬ 
clination of the sun, which, m turn, depends on 
the latitude of the place On the basis of this 
idea the world has been divided into three 
climatic zones, demarcated by the latitudes The 
three zones arc one hot belt, two temperate 
belts and two cold caps This is a classification 
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based cntiiely on temperature Actually, the 
zones are neither so simple nor are the boun¬ 
daries so parallel to the latitudes The reason 
IS that although the climate of a region is con- 
tiollcd by the sun’s energy, it is influenced also 
by other factors, such as position relative to 
continents and oceans, altitude, local geogiaphy, 
etc The classification of climate for universal 
application is theiefore fairly complicated and 
difflcult 

Physical nieteoiology 

The object of the science of meteoiology is 
to enable us to undeistand the occuircncc of all 
the phenomena in the atmosphere on the piin- 
ciples of physics and chemistry, and ultimately 
to calculate their magnitudes with the help of 
mathematics This is a difficult goal to achieve 
because the science of weather is still an em¬ 
pirical field science The insurmountable diffi¬ 
culties characteristic of field sciences, such as 
availability of only partial data, also apply to 
meteoiology. 

The mam source of energy received by the 
earth’s surface and the atmospheie is the ladia- 
tion from the sun, and all of it is received attei 
It has traversed 93,000,000 miles of intervening 
space This solar ladiation is m the form of elec¬ 
tromagnetic waves and includes the heat and 
light we receive from the sun. The solar electro¬ 
magnetic waves constitute a very wide range of 
wave lengths, extending from the very short 
gamma rays and very deep X-rays m) to 
long radio waves (a few kilometres in length) 
Figure 3 8 gives a spectrum of these waves For 
meteorological purposes, the solar radiation is 
looked upon as consisting of only two kinds of 
waves (i) the short wave radiations, and (ii) the 
long wave radiations The earth’s atmosphere 
allows the visible rays (short waves) to pass 
through freely, however, there is a sharp cut-off 
on the ultra-violet side. This is quite fortunate 
because these ultra-violet rays are injurious to 
human beings, animals and plants. On the long 
wave side, the atmosphere is not quite so 


tiansparcnt as it is m the case of visible rays 
The water vapoui and caiboii dioxide in the 
atmospheie particularly cut off certain wave 
lengths on the long or infra-red side of solar 
ladiation At a greater height (22 km) the 
presence of ozone (O,) plays an important role 
in the passage of shoi t wave radiation through, 
and Its absorption in, the atmosphere. 

The atmosphere gets its energy mainly at the 
lower surface This surface may be either land 
01 watei Some amount of energy is radiated 
back from both these surfaces in the form of 
long wave radiation. One of the consequences 
IS that the temperature of the atmosphere 
noimally decreases as we rise above the 
surface of the earth This decrease continues 
up to a ceitam height above which it remains 
more oi less constant, at greater heights, the 
tempeiatuie changes m a complicated manner 
This tact is confiimed by the tempcratuies as 
actually measured m the atmosphere As 
mentioned earlier, this foims the basis on 
which the atmosphere has been divided into 
layers 

Tire energy from the sun falling over exten¬ 
sive water surfaces such as oceans oi large 
inland lakes causes watei to evaporate Some 
amount of evaporation also takes place fiom 
the land, particularly from portions covered 
with vegetation You are also familial with the 
fact that when unsaturated air blows across a 
stretch of water suiface, water evaporates into 
the air, loweimg the temperature of the air at 
the same time A considerable amount of water 
thus enters the atmosphere in the form of 
water vapour You may be surprised to learn 
that the density of moist air is much less than 
that of dry air at the same temperature The 
density of water vapour and air at the same 
temperature and pressure are as 5:8. 

A major portion of the water vapour taken 
up into the atmosphere remains in the lower 
portion of the atmosphere, i e , mainly with¬ 
in the troposphere However, the distribution 
in the lateral dimensions vaJries very widely. 
For example, the moisture content may be al- 
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most ml over and, hot or extremely cold 
regions But the air may be completely satu- 
latcd with moisture m tropical coastal areas. 
Fuithcr, wide variations occur over the same 
region from season to season. It is obvious that 
the presence of water vapoui is the principal 
cause of the formation of clouds, ram or snow, 
and stoims The latent heat of water is an agent 


tor carrying significant amounts of heat encigy 
into the atmosphere. When water vapour con¬ 
denses to form clouds in the atniosplicie, it 
imparts its latent heat to the immediate sur¬ 
rounding portions of the atmosphere and thus 
mcieases its energy It is believed that the 
energy of a cyclonic storm is chiefly deiived 
from the latent heat of water. It represents 
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qualitatively the disposal of solai radiation 
during Its passage through the atinospheic The 
shoit wave and long wave radiations are trans¬ 
mitted differently through the atmosphere You 
will notice (Figure 3,9) that some amount of 
radiation rs sent back to space by the surface 
of the earth, and by the atmosphere, including 
cloud tops Estimates show that neaily 43 per 
cent of the incoming short wave radiation is 
returned to space This is known as the albedo 
of the earth It is with the help of this radiation 
that the earth is seen or photographed Irom 
outside the earth by astronauts and space craft 
As the tempeiature of the atmosphere docs 
not change appreciably fiom year to year, the 
net gain and loss of energy by the atmosphere 
should balance Howevei, elaborate calcula¬ 
tions ot loss and gain of heat in the atmos¬ 
phere at different latitudes (principally based 
on Northern Hemispheric data) by several 
scientists show that these balance only at about 
30° latitude On the equator side (0° to 30° 
latitude) the incoming energy is greater than the 
outgoing energy, and beyond the 30° N (30° 
to 90") latitude the incoming energy is less than 
the outgoing eneigy This also applies to the 
southern hemisphere This excess ot energy in 
the equatorial region is tianspoited towards 
the poles by the movement of air from one part 
to another If the earth weie not a rotating 


sphere, the method of transfer of excess energy 
would have taken a simple form 

Jn the equatorial regions the exeess energy 
would have heated the an making it rise high 
nr the atmosphere from where it would have 
moved towards the poles and descended to the 
surface at tlie poles alter cooling Then the 
heavy cold air would have moved over the 
surface from the pole to the equator, where it 
would again rise, completing the great air 
circulation extending from the pole to the 
equator However, the rotation of the earth 
brings in a complication which prevents the 
formation ot this huge hemispherical circula¬ 
tion Instead, this circulation breaks up in¬ 
to a number of component circulations (See 
Figure 10, in which both the plan view as well 
as vertical section on a much enlarged scale 
have been presented) 

On a rotating globe, a given point on a 
latitude circle is moving at a different speed 
from that of another point on a different lati¬ 
tude circle Therefore a parcel of air moving 
from one latitude to another experiences a 
deflecting foicc In the Northern Hemisphere 
this deflection is always to the right and depends 
on the speed of the air paiccl and on the lati¬ 
tude Thus, ail moving noithwards from the 
equator will be deflected to the right and will 
keep on changing its direction towards the 
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north-cast, and then towards east Sinnlarly, 
air moving fiom a latitude of 23]° N (The 
Tiopic of Cancel) towards the equator will be 
deflected to the right and thus will be moving 
from the noith-castcriy direction On a rotating 
globe, the aii at the equator having usen to 
high levels begins to move towards the poles 
but gets deflected to the right on account of 
the deflecting force By the time the parcels of 
air reach 20" to 30° N latitude, they begin to 
move fiom west to east, thus constituting a 
westerly wind flow. As a result of this, there is 
an accumulation of aii in this latitude band 
This IS the subtropical high piessiirc band Air 
near the surface in this subtropical high 
pressure aiea moves towards the equator from 
the southern boundary of the high pressure 
aiea As mentioned earlier, on account of the 
earth’s rotation the air moves from the north¬ 
easterly direction These are the very well- 
known Trade Winds which blow so constantly 
over the Atlantic and the Paciflc Oceans and 
have been known to manners for centuries 
From the northward side of the subtropical high 


piessurc area the air moves towards the pole in 
the north-easterly duection but on account of 
the formation of a niimbei of travelling low 
piessuies, a complex wind system results 
The circulation ol air in the belt between 
the equator and the subtropical high piessure 
area, therefore, is as follows air rises at the 
equator and flows north-eastwards as the sub¬ 
tropical high piessure moves towards the 
equator as a north-easterly wind This circula¬ 
tion has been known as the Hadley Cell since 
the eighteenth century Two scientists, working 
at the National Centre for Atmosphenc Re¬ 
search in the U S A,, and at the University of 
Stockholm (Sweden), have demonstrated the 
leality of the Hadley Cell by analyzing all the 
available data for one day They chose the 12th 
of December, 1957, from the Inteinational 
Geophysical Year period, and computed the 
globally-averaged north-south and vertical wind 
components against different heights and bet¬ 
ween 30”N and 2+°S latitudes The result is 
given in Figure 3 11 The thick black arrows 
cleatly show how the Hadley Cell is formed by 


Fig 3 11 The Hadley Cell 
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air rising at the equator, thea flowing towards 
the poles at high level, descending in the siib- 
tiopical high piessuie aieas, and finally moving 
towaids the equator at the siiiEace. 

At upper levels, noith of 20° to 30°N latitude 
up to the pole, the winds flow steadily fiom the 
west to the east and foim the zonal winds of 
the tempeiate latitudes The circulation is cii- 
cumpolai and almost steady, it can be looked 
upon as the wind .circulation in a counter¬ 
clockwise diiection round a low pressuie at 
the pole 

The case of the Indian Ocean is slightly 
diflerent. Because of the extensive land masses 
of the Asiatic continent, the liigh pressure is 
very pronounced duiiiig the winter but it is 
situated very much further north than 20/30'’N 
latitude The wind from the equator side of this 
high picssure blows from the north-east to¬ 
wards the equator Over India it constitutes the 
land air blowing to the sea But during summer 
the high pressure vanishes completely and, 
instead, an extensive low pressure aiea forms 
over the land. This causes air from the equator 
to move towards the poles and appear as the 
south-westerly wind system from the ocean to 
the land, these are the monsoons mentioned 
earlier 

With the upper level westerly winds (zonal 


wind of temperate latitude) is associated the 
‘jet sticam’ This is the name given to the 
nariow meandciing rivers of very strong winds 
(300-500 km/h or 200 to 300 mph) occurring 
at heights between 20,000 to 40,000 ft above sea 
level The winds are strongest at the core of the 
stream The jet stieam usually girdles the earth, 
though Its speed and width may vaiy during its 
run When it lies at a noitheily latitude it has 
slight undulations However, as the jet stream 
shifts to lower latitudes, it develops large un¬ 
dulations Aeroplanes flying at the height at 
which the jet stream occurs have sometimes 
encountered its winds Flying against them, 
their speed has been reduced almost to zero, 
and flying with the stream the speed of the 
aeroplanes has increased spectacularly 
You must have watched vultures and kites 
circling in the sky and soaring to very great 
heights These high-flying birds are known to 
utilize columns of lising air to climb to great 
heights without beating their wings or exerting 
themselves in any othei way Nowadays such 
rising columns are called ‘thermals’ In ther¬ 
mals, the air parcels move upwards with consi¬ 
derable velocities. The horizontal displacement 
of air in the atmosphere is known as wind, 
while the vertical displacement is called 
‘cuirents’ On the whole, when averaged over 
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global dimensions, the cuirents aie very small 
compared to the winds However, locally and 
foi short periods of time, currents of consider¬ 
able velocity can exist in the atmosphere. 

The vertical motion of air is of very great 
impoilance As air nses it cools and conden¬ 
sation takes place and clouds are formed 
Under conditions of sliong currents, clouds 
build up fuithei into towering clouds reach¬ 
ing regions of the atmosphere where the 
temperature is below freezing point Slow but 
extensive currents ovei a very wide area are 
found in the so-called ‘warm fronts’. From the 
time of Woild War I, European meteorologists, 
and later many others, have used the idea of 
‘waim and cold fronts’ very usefully in under¬ 
standing the weather in the temperate latitudes 
According to this concept, at a ‘warm front’, 
warm moist air rises over the cold air, and 


this gives rise to the weak cuiients just men¬ 
tioned The warm air, when raised sufficiently, 
gives rise to extensive clouds and ultimately 
ram, this is typical of the ‘wanii fiont’ type of 
weather situation. Even laymen m temperate 
latitudes know what type of weather to expect 
when they hear that a ‘warm fiont’ is passing 
over their city or town 
As an passes over mountains, large cuirents 
aie produced Aeroplanes inadvertently coming 
near mountains have been caught m the violent 
up- or down-currents. Glider pilots, particularly 
in the Alps, have considerable experience of 
these currents The airflows past and over the 
mountains produce up-currents as well as down- 
currents, sometimes eddies or whirls are pro¬ 
duced. The up- and down-currents produce 
very characteristic clouds (standing lee-wave 
clouds) near the mountains, these are shown 


Fig 3 13 Cloiieh piodnccd by up- oi down-cunenti, 
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schematically m Figure 3 13 Under certain at¬ 
mospheric conditions, and m laigc mountains, 
very violent and chaotic currents can be creat¬ 
ed which affect all levels of the free atmosphere 
as well as the surface of the mounUiinsides 
If you pour some oil on water in a half- 
filled beaker, the layer of oil will remain on 
the surface of the water If you disturb the 
layers these will re-foim when the disturbance 
is stopped, The layers are m stable equilibnimi 
Under special conditions, with a great deal of 
care, you may be able to form a coloured and 
slightly heavier layer of another liquid on top 
of a layer of uncolouied water, in a beaker Of 
these two layers of liquid with slightly different 
densities, the heavier will he over the lighter 
so long as the beaker is not disturbed even 
slightly. But the layers will overturn the instant 
you disturb the beaker, and separate layers will 
not ic-form even after the disturbance is 
stopped. Tlus IS a case of unstable ecjuilibiium. 
If you take a small probe and prick through 
the upper layer into the water layer below, you 
may be able to see a stream of coloured and 
slightly heavier liquid flowing through the 
hole to the lower layer and spreading in all 
directions 

Now let us examine the question of stable 
and unstable equilibrium conditions further by 
considering the following examples Take an 
iron katahi from the kitchen, place it on a 
smooth surface, say a table or a smooth floor. 
Pour some heavy material, say sand, into the 
kaiahi. Now tilt the kaiahi to one side. When 
you let It go it swings back to its original 
horizontal position. The karahi is in stable 
equilibrium on the smooth floor Now take a 
well-sharpened pencil and caiefully balance it 
on the tip of your finger, the pencil resting on 
its sharpened point. It will stay upright so long 
as you can keep it balanced on youi finger-tip. 
But if you displace the pencil to one side it 
will not return to its original position but will 
topple over immediately This is a case of 
unstable equilibrium. In the atmosphere one 
constantly finds layers of dry or moist air 


ciLliei in stable equilibrium oi tcrapoiaiily in 
unstable equilibrium Ordinarily the atmos¬ 
phere IS so laid 111 layers as to assume a stable 
equilibrium A critical test for this is that if a 
parcel of air is displaced upwards from its 
position of rest in a particular layer and if after 
its displacement to the new position it acquires 
a density greater than its sui rounding, it will 
sink back to its original position, thus the layer 
IS in stable equilibrium. If, howevei, the dis¬ 
placed parcel of air is lighter than its surround¬ 
ing in the new position after displacement, it 
will rise further. The layer would now be in an 
unstable equilibrium 

Befoic examining this important question of 
stable and unstable cquilibiiiim of the atmos¬ 
phere any further, we should undeistand what 
IS meant by Dry Adiabatic Lapse Rate (DALR) 
and Saturation Adiabatic Lapse Rate (SALR) 
Lapse rate, m tins context, means the rate of 
change (usually fall) of tempeiature with 
height If a parcel of dry air is changed from an 
initial pressure to a lower pressure adiabati- 
cally, so that the parcel of air is not allowed to 
exchange heat with the surrounding air, its 
temperature will fall. This tall for a given 
pressure change can be easily calculated with 
the help of the gas equation In the atmos¬ 
phere, however, the decrease in pressure is 
equivalent to a change in height, for the pres¬ 
sure decreases as we go up Theiefoie, when 
the pressure excited on a parcel of air is 
decreased, it can be considered to be equivalent 
to a rise through a certain height in the atmos¬ 
phere We have already said that the tempera¬ 
ture of the air m the parcel will decrease and 
this decrease can be calculated. Thus, foi a rise 
of the parcel of air through a given height there 
Will be a definite decrease in temperature. It is 
found that the value of the lapse rate works out 
to be 10°C for every kilometre rise of the 
parcel. This is the DALR and has a definite 
numerical value Now consider the case when 
there is some amount of moisture in the parcel 
of air we are adiabatically displacing. So long 
as the air does not become saturated there is 
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not much cliiTcrence in the lapse rate liom the to a lesser extent than the dry parcel, The 
DALR. But, as soon as the air parcel becomes Saturated Adiabatic Lapse Rate (SALR), un- 
satuiatcd and is cooled further, condensation like the DALR, does not have a definite 
occurs and the latent heat is released, which numerical value, it may be as low as half the 
raises the temperature of the paicel You will DALR. 

notice therefoie that the saturated parcel cools Now let us apply the test of stable equih- 

Fio. 3 14 Stable ami iiiiitahle eqialihniiw 
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brium to a layer of the atmosphere with the 
help of Figure 3 14 In the first column 1 cu m 
of dry air at 15°C has been shown at giound 
level wheic the temperature is 15°C This 
parcel is adiabatically lifted to 100 m where 
its teinperatuie will decrease to 14°C (15°—1°) 
due to the parcel having cooled at the DALR. 
Suppose the conditions in the atmosphere are 
such that at the level of 100 m, the temperature 
of the ail is 14 2°C. Thus the parcel is cooler 
than its immediate surrounding, and therefore 
heavier than the surrounding The parcel then 
sinks back to its lower position. The layer of 
the atmosphere is in stable equilibrium The 
other cases illustrated in the diagram represent 
the dry air parcel m different existing lapse 
rates m the atmosphere, and there are two cases 
of a saturated air parcel moving up m an at- 
mosphere with two different lapse lates 

If you study the diagram very caiefully you 
would notice that the stability or instability of 
a layer of the atmosphere is determined by the 
existing lapse rate in the layer vis-a-vis the 
DALR (for diy air) and SALR (for saturated 
air) 

In an unstable layer of the atmosphere, 
large up-currents will be produced if it is dis¬ 
placed slightly. If the layer is very deep, the 
currents will extend to greater heights As 
some amount of moisture is always present, the 
lifted air will soon be cooled sufficiently and 
condensation will occur After condensation 
the lapse rate criteria will be those for satu¬ 
rated air, and the cunents may continue 
further up, in which case clouds will form and 
start growing up 

Those of you who have watched a thunder 
cloud growing must have noticed how the top 
of the cloud looks like a boiling mass of spheri¬ 
cal bubbles, rapidly spreading and rising up¬ 
wards The upward growth continues till the 
foaming appearance changes into a steel-grey 
colour, changing noticeably the appearance of 
the top of the cloud Some very special kind 
of mcasuiements made inside the thunder¬ 
storms show the existence of extremely strong 


up-currents (30 ft/scc, sometimes as high as 
90 ft/sec) In the same thunderstorm, down- 
currents may also exist The explanation of 
stability and instability given here is naturally 
idealized Therefore we cannot hope to explain 
all the complicated weather phenomena hap¬ 
pening m the actual atmosphere However, the 
idea of stability and instability is a basic 
concept which gives a useful indication and 
explanation of the mechanism of many atmos¬ 
pheric phenomena At ‘cold fronts’ (coming 
back to the frontal system of the temperate 
latitudes) large up-currents are met with 
in the violent thunderstorms which occur 
there 

We have said elsewhere that the presence of 
water vapour m the atmosphere is very im¬ 
portant When the air containing some amount 
of moisture is cooled sufficiently, that is, down 
to its dew point, condensation occurs It is 
known that the presence of minute particles, 
called condensation nuclei, is necessary for 
quick condensation The mass of condensed 
water droplets constitutes a cloud However, if 
this cooling and consequent condensation has 
taken place near the ground surface wc get a 
cloud formed on the ground, and we call it 
‘fog’ Fog can also occur over the surface of the 
sea and of large inland waters 

You can ask your teacher to show you 
pictures of clouds, or you can see for your¬ 
selves from a cloud atlas or a book on clouds 
the various forms of clouds that occur In the 
accompanying sketch the various cloud forms 
have been diagrammatically shown and ex¬ 
plained You will notice that these forms of 
clouds can be grouped into two broad types 
The first are the layer type of clouds in which 
the cloud mass spreads in all directions If you 
see the top of these clouds from a hillock or 
from an aeroplane, the top surface will appear 
smooth, like the surface of a lake. The second 
type includes all clouds which show growth in 
the vertical direction “Another way to divide 
clouds is to class them according to the level 
where the cloud occurs. In this system clouds 
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would be of types A, B, C and D as described 
below 

A Low clouds. 

B Medium clouds 

C High clouds occunng at very high levels 
m the atmosphere, where the temperature is 
well below freezing temperature, such clouds 
consist entirely of ice crystals. 

D Clouds with great vertical development; 
these have their base at low cloud levels and 
their tops at high cloud levels 

Clouds consist of numerous minute droplets 
of water or ice, or of both As these are sup¬ 
ported by up-currents in the air, they remain 
suspended However, under certain conditions 
which are not yet fully understood, the minute 
droplets grow into larger sizes when they fall 
as raindrops. If the intervening layer of air is 
veiy dry, the drops may evaporate before 
reaching the ground. Rainfall may occur in the 
form of sharp showers m which large rain¬ 
drops are predominant, or it may be in the 


form of minute droplets which seem as if they 
are floating m the air 

On the other hand, if the temperatures are 
very low throughout, instead of ram we get 
snowfall, flakes of snow gently float down in 
the air. In snow-storms these flakes are whipped 
up in a white flurry. Hail, on the other hand, is 
a spherical, conical or irregular pellet of ice, 
usually hard, and is built up by layers of 
opaque and transparent ice, hke an onion. The 
size may vary from a few mm to 12 cm. Some¬ 
times soft hail also occurs Hail is always 
associated with thunderclouds The onion-like 
stmeture of the hailstone is taken to indicate 
that the pellet has made many excursions 
through the region where freezing is occurring. 
The size of the hailstone is evidence of the 
strong currents which are able to carry such 
pellets up inside the thundercloud Yet another 
form in which moisture is thrown out of the 
atmosphere is the dew settling on grass, leaves 
of plants and trees. When water vapour con- 
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denses on these surfaces, they cool to a tempera¬ 
ture equal to or lower than the dew-point of 
the air aiound them In north-west India, dew 
forms an impoitant source of moisture lot the 
wintci ciops raised in that region 
Let us considei a few more phenomena that 
occui m the atmosphere and attempt to find a 
simple explanation for them You might be 
familial with the whirlwind, which is also 
known by the name ‘dust devil’ The whirling 
wind IS made visible by the dust, sand and 
other objects picked up fioni the ground 
These whirlwinds occur in hot and sandy 
regions Their diameters range from 10 to 
1000 feet In veiy hot desert regions the height 
may be several thousand feet, but it is generally 
less than 100 feet The rotation may be in 
either direction round the centie The intense 
heating of the ground sets up the air into a 

Fig 3 16a Baiogiaph lecoid 
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whirling vortex, whose core has a low picssure 
If a medium-size whiilwmd passes right over a 
meteorological observatory, the record of baro¬ 
metric pressure will show a sharp dip Figure 
3 16ir shows the barograph iccoid at Todhpur 
for the 29th March, 1949, when a fairly large 
whirlwind passed directly over the observatory, 
The cyclonic storms, about which you heai 
every year, are on a much larger scale and 
cause a lot of damage The death and destruc¬ 
tion caused by the cyclones aie only too well 
known These cyclones form in the Bay of 
Bengal or Arabian Sea m the latitude belt of 
10° to 14°N Cyclonic storms never form on 
the equator The wind in the cyclone always 
blows round the storm centre, called the eye, 
in a counter-clockwise direction (Northern 
Hemisphere) The speed of the wind exceeds 
34 knots over a considerable portion of the 
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field of the cyclone The curious thing about 
the cyclone is its eye. the cential aiea of 15 to 
20 miles diameter, wheie no winds blow In this 
aiea, the sky may be clear or slightly clouded, 
the baiometiic piessure is the lowest. Round 
the eye is the innei ring ol huiricanc winds 
(65 knots 01 more), moic oi less circular in 
shape and 30 to 80 miles in diameter Violent 
gustiness and, often, toirenlial lam is found in 
this belt Due to the action of the strong wind, 
great waves aic generated in the sea The outer 
aiea is not so circular but the wind continues 
to revolve in the counter-clockwise direction 
and the cloudiness and ram continues In the 
Bay of Bengal and Arabian Sea, cyclones occur 
during the months of April and May and from 
October to December They move initially m 
a noith-westerly direction, then recuive north 
strike the coastal area, the strong wind, the 
rain and the waves cause havoc in the area 
The exact mechanism of the cyclonic storms 


Fig 3 16b Bcuogiaph lecoid of a ship which passed 
thioiigh a cyclonic stoiin 



IS not known; it is, however, generally agreed 
that the tremendous amount of energy involv¬ 
ed 111 the cyclone is derived from the latent heat 
of water, and that marked instability in the 
atmosphere is a prerequisite for the formation 
of cyclones Figure 3 16/j sJiows the barograph 
record of a ship which passed through a 
cyclonic storm m the Bay of Bengal The 
siimlarity and the dilTcicnces between the two 
records (Figure 3 16n and 3 16/)) can be clearly 
seen Unlike the cyclones, the so-called mon¬ 
soon depressions form further north (20°lSl 
latitude) m the Bay of Bengal A few aie known 
to have formed on land also. The wind speed 
m these depressions does not reach the 
violence of the cyclonic storms These depres¬ 
sions are very characteristic ol the Indian 
monsoon and are, therefore, unique. They move 
in a west-north-westerly or north-westerly direc¬ 
tion and then recurve north and north-east¬ 
wards; after further travel they often break up 
over the Himalayas They pass over the whole 
of north India, beginning from the Bay of 
Bengal coast, and bring a considerable amount 
of lainfall along their path A laige amount of 
monsoon rainfall in many parts ol the country 
is caused by these depressions They begin to 
form towards the end of June and continue 
through July. August and September, a few 
may form even in early October 
The press in India, and probably in other 
countiies also, often applies the term cyclone 
to weather phenomena which are not cyclones 
The commonest misapplication is in the case 
of the thunderstorms about which we have 
already spoken Thunderstorms occur through¬ 
out India, but some parts are more prone to 
it than others, for example, in north-east Assam 
thunderstorms occur on a hundred days m the 
year In their most violent form, they are the 
Nor’-westers {kcdbaisakhi) of Assam, West 
Bengal, Bihar and Orissa The Nor’-westers 
aie extremely violent thunder squalls and cause 
severe damage to even strongly built buildings 
and structures Big tiees are uprooted and 
flung away by the violence of the wind Some- 
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times a large aaiount of lain accompanies the 
Nor’-westers Fuilher west, and inland, the 
seveie storms appear as aiidiu (dust-storm) 
The winds here are very strong and bring huge 
quantities of dust and sand which aie lifted to 
a height of several thousand metres m the 
atmosphere. The Noi’-wester and mdlii are 
similai in their nature. In both, there is violent 
upturning and churning up of the atmosphere, 
arising out of extreme instability. In the case of 
the andlii, because of lack of moisture very 
little rainfall occurs, instead, dust is churned up 
and spread throughout the atmosphere In 
thundeistorms m which hailstones occur, the 
up-currents are violent and extend over a great 
depth in the atmosphere, further, there is plenty 
of moisture present throughout the deep layer 
of the atmosphere In all these storms, there is 
a readjustment of the air by violent upturning 
and churning up, staited from an initially pro¬ 
nounced instability, and, to that extent, 
Nor’-westers and andhis are similar phenomena 
The more spectacular display, however, is the 
lightning and thunder wlucli accompany the 
thunderstorms Strokes of lightning involve 
electiic currents of the order of thousands of 
amperes and require many millions of volts to 
strike The lightning discharge takes place be¬ 
tween adjoining clouds, from clouds to the 
ground, and sometimes upwards from the top of 
the thunderclouds (cumulo-nimbus) to ionise 
layers aloft. When the lightning is seen from 
behind the clouds, it appears as sheet lightning 
The loud crack accompanying a stroke acquires 
its rolling character by multiple reflections and 
IS the familiar thunder which has given the name 
to the storm. 

The rainfall and the snowfall during the 
winter months over north India are caused by 
certain disturbances which originate as far 
away as the Mediterranean Sea and tiavel from 
west to east Those that travel across or near 
portions of north-west and north India give rise 
Lo cloudy and foggy weather with rain and snow 
These distuibances bear a closer relationship 
with those of temperate latitudes than the purely 


tropical ones However, you must not conclude 
that the basic physical principles of the forma¬ 
tion of cloud, lain and snow, etc, are different 
in the two cases 

Atmospheric optics 

In the cloud-fiee atmosphere there is a 
normal gradient (upwards) of density, because 
the temperature and pressure decrease m 
a regular manner with height. However, 
under certain circumstances, an abnormal 
density gradient can be found m layers oi 
limited thickness, for example, m the air over 
an asphalt road under a very hot sun one may 
find an abnormal density gradient. As a result, 
light lays are refracted by the layers of different 
densities, they finally suller total reflection. You 
must have heard of the phenomenon of the 
mirage, which occurs m deserts, under strong 
heating. Several other optical phenomena have 
also been observed, for example the pheno¬ 
menon of ‘looming’, 111 which the horizon 
appears to enlarge much beyond its usual 
dimensions. 

All of you have seen the colourful arc of the 
rainbow A lainbow is caused by raindrops in 
suspension, m passing through which rays of 
sunlight first suffer a refraction, which splits 
the light into its seven colours, then one internal 
reflection occurs followed by another refrac¬ 
tion which separates the colours further If the 
sun, the assembly of raindrops and the eye of 
the observer are m a certain definite position 
in relation to each other, the eye sees the 
coloured arc of the rainbow Often, a secondary 
arc with its colouis reversed can be seen at a 
small distance outside the primary arc. This is 
the secondary rainbow. A rainbow can also be 
artificially produced in dew-drops on the 
ground or m a spray from a fountain If the 
suspended particles present are ice crystals 
instead of water droplets, phenomena called 
‘halos’ are shown by the sun and the moon 
The sun also gives rise to the ‘corona’ through 
thin layers of clouds 

Lastly, in connection with atmospheric 
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optics, mention must be made of the auioia. 
This IS nature’s gift of beauty for the polar 
regions. During a great display the auioia may 
extend so far m the direction of the equator as 
to be visible m the tiopics Other forms of the 
am 01 a appear with much movement and 
colour, the most chaiacteiistic colours being 
yellow-giecn and led, greenish ‘rays’. These may 
covci most of the sky towards the poles, ending 
m an arc which is mainly folded and some¬ 
times has a red lower border, in the latter case, 
the display resembles a moving ‘drapery’ 

Synoptic meteorology 

Synoptic meteorology is the study of 
weather as observed simultaneously at a 
number of places It started about a hundred 
years ago, in 1854, when Laveiiier suggest¬ 
ed the study of storms Irom meteorological 


observations collected from a numbci of 
places This idea was put foiwaid by him 
aftci the French fleet met with a catastropliic 
disaster during a storm in the Black Sea duiing 
the Ciimean War The idea quickly caught on 
and by the seventies of the last century most of 
the Euiopcan countries and some others had 
some kind of obseivational network for report¬ 
ing simultaneous rrreteoiological observations. 
During Levelrier’s time, obseivations were sent 
m by post-cards, but soon telegrams replaced 
the post-cards With the introduction of tele¬ 
grams, various systems of codes were develop¬ 
ed to communicate meteorological observations 
correctly and concisely In this direction the 
advance has been quite remarkable Today, a 
universal code is used so that exchange of 
meteorological observations takes place with 
ease among all counlrics of the wotld without 


Fig. 3 17 Synoptic chait 
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any language difficulties. The observations 
received in certain centres are put on suitably 
prepared geographical maps, using a set of 
symbols to represent the weather conditions as 
observed at a certain observatoiy. Foi example, 
pressure, temperature, cloud conditions (kind, 
amount, base and top of the clouds), and 
other weather phenomena occuning at the time 
of obseivation and in the past six hours, etc, 
have a set pattern of representation. These 
charts are called synoptic charts (Figure 3 17), 
and they form the basis of synoptic meteoro¬ 
logy These charts arc analysed, and on the 
basis of this analysis, synoptic charts for the 
future are prepared, and from these, the weather 
over various regions, as required, is predicted. 
At present synoptic charts are drawn for very 
extensive areas, by the meteorological centres 
in various countries These charts cover several 
adjoining continents, some centres even prepare 
hemispherical synoptic charts. Observations for 
these charts ate collected from as many centres 
as possible. The oceans do not go completely 
unrepresented. For the past one hundred years 
or so, the merchant navy, during its voyages on 
the high seas, has been lecording meteoro¬ 
logical obseivations at fixed times of the day 
and night, this they have been doing as a 
voluntary service. These observations are 
collected ovei the wireless and used on 
synoptic chaits Nowadays there arc a number 
of weather ships located in the Atlantic and 
Pacific oceans, which record elaborate meteo¬ 
rological observations throughout the 24 hours. 
The ultimate aim is to obtain a complete cover¬ 
age of the globe by establishing a network of 
observing points, evenly distributed over the 
globe, from winch observations could be col¬ 
lected at a certain number of centres. This 
would constitute the ‘world weather watch’. 
Usually several synoptic charts, numbering up 
to SIX for the different hours of the day, are 
plotted and analysed at meteoiological offices 
Besides, charts are not only diawn for the 
suiface of the earth but are also prepared for 
the upper levels of the atmosphere 


Winds m the free atmosphere, the tempera- 
tuie, and the dew-point relevant to that level 
arc plotted besides the height above sea level 
of the paiticulai pressure at the points of obser¬ 
vation. These are then analysed m the same 
manner as the surface synoptic chaits 
As already mentioned, in the last decade or 
so, phenomenal advances have taken place in 
meteorological observations, mainly due to the 
application of electronic aids. The electronic 
device employed on the radiosonde enables the 
meteorologist to obtain the upper air tempera¬ 
tures, piessure and humidity quickly. As the 
balloon carries the radiosonde up, its trans¬ 
mitter keeps on sending the meteorological 
data to the receiver at the ground station, so 
that the entire data is ready as soon as the 
flight of the balloon is complete In the picture 
(Figure 3.18) a radiosonde mslruraent is being 
sent up, tied to a laige balloon Till recently, 
the winds at upper levels were being determin¬ 
ed by pilot balloon observations only. In this 
method, a balloon filled with hydrogen gas is 
sent up, and its angles of elevation and azimuth 
are measured through a theodolite (optical) at 
intervals of minutes. From these records it is 
possible to find out the winds at the upper 
levels. However, with this method it is not 
possible to obtain the values of winds at great 
heights. Nowadays, at a few places in India 
upper winds are determined by the rawm, a 
method which employs radio frequency electro¬ 
magnetic waves instead of the visible light rays 
for tracking the balloons The method is 
similar in principle to the pilot balloon obser¬ 
vations; only, a much bigger balloon is used, 
to which a radio transmitter is attached The 
signals sent out by the transmitter in the 
balloon are followed by a radio direction-finder 
which gives the angles of elevation and azimuth, 
the same as are given by the optical theodolite, 
from which the upper winds can be found in 
the same way as by the optical method. Thus, 
the rawm can find the upper winds even in 
cloudy conditions and also up to great heights. 
Another important step which has increased the 




Fig. 3 18 A lacliosonde being sent up 


power and scope of meteorological observations 
IS the meteorological radar (Figure 3 19) The 
ladar has increased the horizon of the observer. 
With it, the observer can find out if there is a 
thunderstorm within 200 to 300 miles With 
some radars larger distances can be observed 
This radar has been used for detecting and 
tracking cyclonic storms. The weather radar 
can also detect other conditions of the atmos¬ 


phere indirectly. It has been used foi finding 
the upper winds by tracking a balloon which 
goes above 30,000 metres. The meteorological 
radar has been used for tracking metallized 
nylon chaff released at heights of 30,000 metres 
and above by meteorological rockets. Compa¬ 
ratively, these lockets are cheap and are now 
beginning to be used for determining winds at 
30,000 metres and above, in several countries. 
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Flo. 3 19 Mcleoiolngwal niclar The laitai picliue (inscl) showi the location of ihuiulcnloi m 
areas within a lachtts of 50 nautical miles aiotind the station. Each ctrculut ting 
icpic.scnis ten nautical tittles 
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The revolution in the methods of telccom- 
miuncations in recent years has had its effect 
on synoptic meteorology Teleprinters and 
melcoroiogical broadcasts are common in most 
countries Radio-telepimtcrs aie coming into 
vogue For woild-wide exchange of meteoro¬ 
logical data, llicrc is a Noith-FIemisphcnc global 
link by means of radio stations at New York, 
Fiankfuit, Moscow, New Delhi and Tokyo It 
IS quite common now to send synoptic charts 
from one centre to another by facsimile trans¬ 
mission (Figure 3 20) This is a method of send¬ 
ing pictures (distinct from television) from one 
place to another, cither over wires or over 
radio-links 



Fig 3 20 Facsimile tiamminion 


The latest in the field of meteorological 
observation and communication is the artificial 
satellite The television cameras of the satellite 
have a giand-stand view of the clouds from a 
position above them Never before has such a 
view been obtained. Vast systems of clouds over 
areas which may not be well covered by surface 


observatories can be seen by the satellite 
cameras If a cyclone is beginning to grow in 
these areas, it can be detected well before it is 
picked up by other conventional means FIow- 
ever, the satellite has a limitation if there aic 
large layers of upper cloud, some of the inci¬ 
pient systems may be screened from the satel¬ 
lite camel as Satellites can also measure the 
outgoing long wave radiation and thus supply 
very important data which is of fundamental 
value in weather prediction. Figuie 3.21 gives a 
picture of the cloud systems seen by the satel¬ 
lite camera of Tiros VIII. If sufficiently deve¬ 
loped, the meteorological satellites may be an 
answer to the problem of the ‘world weather 
watch’ 

As mentioned earlier, the analysis of the 
synoptic charts foims the basis of weather pre¬ 
diction Isobars are diawn on the synoptic 
charts; these isobars are lines joining places 
with equal atmospheric pressure After draw¬ 
ing the isobars, pressure systems are located; 
areas of ram, snow, fog, etc, arc shaded and 
areas of pressure-rise and pressure-fall plotted 
on separate smaller charts In temperate lati¬ 
tudes, at one time it was thought that by 
locating these systems and tracing their move¬ 
ment It was possible to anticipate weather 
conditions, as a relic of this idea you will still 
find some barometers marked with the signs 
‘stormy’, ‘change’ or ‘lair’ The difficulty is that 
these pressuie systems weaken or strengthen 
with time These changes have also to be 
correctly anticipated by the meteorologist On 
the upper air charts, the flow of the wind is 
examined and streamlines are drawn, which 
enables the analyst to know how the air at 
diffcient levels in the atmospheie is moving 
within the area covered by the analysis In 
present-day upper level (constant level) charts, 
the upper air temperatures, humidity, etc,, are 
plotted and contour lines, showing the heights 
at which a particular pressure occurs, are 
drawn. Several other methods of analysis have 
been in use in the different meteorological 
services For instance, the idea of polar fronts. 



tiG. 3i21. Phologioph taken by TIROS VllI wealhei satellite duimg its passage over the 
Indian aiea on 19 Novembei 1964 at 0920 1ST The picture shows the cloud pattern 
associated with a tiopical cyclone in the Bay of Bengal neai the Madias coast. 
The West coast of India, Cape Contoiin and Ceylon can also be seen 
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developed in Scandinavian countries, is in 
universal use. It considered the different air 
masses to be reacting with each other at their 
boundary regions to produce characteristic 
warm-Irontal and cold-frontal types of weather 
patterns From all these analyses an attempt is 
made to prepare m advance the synoptic chart 
for a certain period of time, say 24 hours Once 
this chart is predicted, the weather over any 
area can be inferred from it. Most of the types of 
analysis mentioned above were worked out in 
temperate latitudes, but some of them have 
been extended to the tropics also. In the tropics, 
particularly on tropical islands or in mountain¬ 
ous regions in tropics and subtropics, the 
weather repeats itself from day to day with 
clockwork regularity A thorough knowledge of 
the climatology of the area is of considerable 
help in forecasting weather m that region. This 
applies to some extent to extra-tropical regions 
also. As yet, theie exists no single standard 
proceduie which can be followed in forecast¬ 
ing weather from the different types of synoptic 
charts in all parts of the globe. A ceitain amount 
of subjective judgement on the part of the fore¬ 
caster IS involved in weather forecasting. 

There is a famous dictum by the French 
mathematician, Laplace. “The future can be 
completely predicted if the knowledge of the 
present is complete ” If we apply this to the 
case of the atmosphere, we will say that if the 
pieseiit state of the atmosphere is completely 
known, the future states can be predicted If 
the present state be represented by the tempe¬ 
rature, pressure, humidity, and the wind flow 
m the easterly and northerly directions and also 
m the vertical direction, then the values these 
quantities will acquire at a future moment will 
define the future state of the atmosphere. The 
ideal solution would be to calculate the future 
state, beginning with the present, by rigorous 
mathematical steps Obviously, this is an ex¬ 
tremely difficult task During and after World 
War I, an attempt m this direction was made 
by an Englishman, L, F. Richardson, who 
attempted to calculate the state of the atmos¬ 


phere at a future instant starling from the 
present state of the atmosphere. This work was 
not of immediate practical value, nevertheless. 
It established beyond doubt the possibility of 
such an approach in solving the problem of 
predicting the future states of the atmosphere 
He was faced with certain serious limitations, 
one was that a much sniallei amount oi obser¬ 
vational data than was required to fully define 
the initial state of the atmosphere was then 
available, secondly, the greater diQiculty was 
that the methods of calculation which he used 
were so long and tedious that it required, ac¬ 
cording to his own estimates, 6400 assistants to 
keep pace with the changing pattern of the 
weather. As a result his significant contribution 
was admired by a few and then almost for¬ 
gotten by all 

After World War H, electronic computers 
came into the field and the late Professoi Van 
Neumann and several others were responsible 
for starting numerical methods of weathei 
forecasting Here, the machines solve a set of 
equations which express in mathematical form 
the physical laws governing the behavioui of a 
gas like the atmosphere Owing to the com¬ 
plexity of these equations and the rather cum¬ 
bersome methods for solving them, a 24-hour 
forecast may require fiom 1 million to 10 mil¬ 
lion elementary arithmetical operations, exclu¬ 
sive of other operations of rearrangement, etc. 
Nevertheless, since modern computing machine 
are capable of performing such operations at 
the rate of 10,000 to 100,000 per second, a 
24-hour forecast can be computed m a fraction 
of an hour. In advanced countries electronic 
computers are in regular use for predicting the 
upper air charts which show the pattern of wind 
flow at 5000 ft and 30,000 ft above sea level 
tor periods of 24 to 72 houis. These forecasts 
come out of the computing machine automati¬ 
cally in a readily usable form, virtually un¬ 
touched by the human hand These electronic 
computers, however, predict only the synoptic 
charts, at present The actual weather, as we 
know It, at any locality has to be interred fiom 
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the synoptic charts by professional meteoro¬ 
logists There is a long way to go before these 
calculations will tell us where lam will fall, 
and at what time, or whether or not there will 
be a thick fog oi a thundcrstoiiii 

Application lo human activities 

While discussing climatic classification, it 
has been mentioned in the chaptei on Climato¬ 
logy that the climatic zones aie always asso¬ 
ciated with then characteristic natural vegeta¬ 
tion types This shows cleaily that the plants m 
each of these regions have adapted themselves 
to the meteorological conditions chaiacteristic 
to the region Animals also show similar 
characteristics typical of their natural habitat, 
some of which can be reduced to the factois of 
climate Man, due to his great ingenuity, arti¬ 
ficially creates conditions more favourable foi 
himself than the enviiomnent would ordinarily 
provide Considering the enoimous range of 
temperatures that it is possible to conceive, the 
tenrperatiiie limits within which man (and 
animals) can survive is extremely limited You 
already know that the human body is provided 
with a most remarkable mechanism for keep¬ 
ing Its tcmpcratiiie constant When the out¬ 
side ail temperature goes up, the hypothalamus 
directs the surface blood vessels to dilate. More 
blood is shunted to the skin, where it is cooled 
In this case, the skin acts like the exposed 
surface of an earthen water pitcher (suiahi) 
Additional body heat can be dissipated into the 
atmosphere by the evaporation of perspiration, 
which IS a cooling process. If the atmosphere 
already contains large amounts of moisture, that 
IS, the humidity of the an is high and there is no 
movement of the air past the body, evapoiation 
of perspiration is retaided and the body cannot 
dissipate heat into the atmosphere. This is the 
reason why we feel so uncomfoi table on a 
muggy day The opposite effect occurs when the 
weather gets colder. Blood vessels contract and 
the blood supply grows less Our skin glands 
dry up, and instead of perspiring, we shiver. 
Thus shivering, like any other body exercise. 


icleases energy stored in our body fat and thus 
helps to maintain our precious body heat 
Both the heating and cooling processes of 
the body require the expcndituic oi a considei- 
able amount of energy. Under a really hot 
summer sky, the body must work haid to 
maintain its normal tenipeiature, that is why 
in the summer wc are lazy and feel distressed, 
and It lakes all our energy to avoid becoming 
overheated You will thus lealize that in 
designing a coinfoi table house one must have 
a knowledge of the tempciatuie, humidity, 
wind flow, sunshine, etc, of the aica, that is, 
we must have climatological data before we 
start designing Likewise, in designing a town 
our knowledge of the tcmpeiatures, the lange 
of variation of these, the wind flow and its 
diiection, and rainfall and various other 
meteorological data must be taken into ac¬ 
count For outdoor activity, like sports, etc., a 
knowledge of the climate of the place is very 
helpful For designing more elaboiate struc- 
tuies like factor les, roads and railway bridges, 
docks and harbours, aciodiomcs, etc., full 
climatological data is absolutely essential, othei- 
wisc the design can turn out to be inefficient 
and even disastrous We must have a knowledge 
of the strongest wind velocity in a locality and 
of how often it occurs, to be able to decide how 
strongly the walls of a factory or a house 
should be built. 

We mentioned natural vegetation a little 
while ago The weather factor is equally vital 
throughout the entire life cycle of crops For 
this, knowledge of the rainfall—how it is distii- 
buted, how reliable it is—and also of other 
meteoiological elements is essential. Investi¬ 
gations have been undertaken lo find out 
the lelation between crop growth and the 
weather, and well established lesults are now 
made available to farmers During the period 
of growth of the crop, meteorological seiwices 
are required by the farmers. For instance, in 
India, special weather bulletins foi farmers are 
broadcast and widely distributed through othei 
means of communication; these give an idea of 
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the weather, rainfall, etc , to be expected in the 
coming four days Further, there arc certain 
weather phenomena which are very harmful for 
the ciops, such as hailstorms, fiost, very heavy 
rainfall, etc If timely warning is given some 
remedial action is at times possible Such 
warnings to iarmers against specified pheno¬ 
mena aie issued by most meteorological 
services Besides, reliable statistics of such 
occurrences aie useful for msuiance schemes 
and claims The irrigation requirement of 
particular crops m any area can be judged on 
the basis of accurate data regarding lainfall, 
temperature, evaporation, etc , and the meteo¬ 
rological service can be called upon to supply 
such data Thus agriculture, m its numerous 
aspects, rcquiics meteorological inlormation 
and service 

In most countiies today the meteorological 
service of the country supplies to the public, 
weathei forecasts valid for different periods, 
say 12, 24 or 48 hours, and for different areas 
such as the cities and the immediate environs, 
and other conveniently and rationally demarc- 
ablc poiLioiis of the countiy By using synoptic 
nieteoiology, the forecasting offices prepare 
synoptic charts up to six times a day On the 
basis of the analyses of these charts and 
through a knowledge of the climatology of the 
area and certain inferences on theoretical consi- 
deiation, and possibly through certain objective 
methods, forecasts of weather for the next 24 
or 36 hours are prepared. These may be made 
to be valid foi a portion of the city or town or 
lor certain portions of the country, which may 
be considered to be sufficiently homogenous to 
be covered as one unit. Forecasts mention the 
chances of occurrence of ram, fog, thunder¬ 
storms, etc , and try to meet all kinds of le- 
quirements langing from someone’s problem of 
deciding ‘wliethei to take the raincoat to school 
or not’ to an ice-cieam vendot’s question, ‘How 
much icc-crcam should I make today’These 
forecasts are distributed to the public over the 
ladio (over the television m prosperous coun¬ 
tries) and newspapers and sometimes thiough 
14 


telegrams When calasLiophic weather pheno¬ 
mena such as cyclones aie located oi antici¬ 
pated from the synoptic charts, quick and 
decisive action has to be taken by the foiccast- 
lug office to warn the people of the aiea con¬ 
cerned Special warning messages are sent over 
the broadcasting system, telegrams aie sent to 
various officials on the warning list, fn case of 
cyclonic storms local olticials, on receipt of 
warning by telegram, publicize the same by beat 
of drum. In small coastal ports, cyclone waiu- 
mg signals are hoisted to tell the people about 
the impending danger. In cases of forecast ot 
very heavy lamfall, the railway authorities of 
the area aie warned to take necessary precau¬ 
tions for the running of trams The foiecasts 
issued at present ate for periods of 24, 36 oi 
48 hours at the most Forecasts lor longer 
periods would be more valuable for the 
purposes of planning. Besides, if these could be 
issued a considerable time before the com¬ 
mencement of the period for which they aie 
valid, their uselulncss would increase a great 
deal. On the other hand, the technical diffi¬ 
culties m the way of preparing such forecasts 
are very great, hence if will be quite a long 
time befoie such forecasts would be possible 
anywhere in the world 

In the field of transportation, the meteoro¬ 
logical services icndered are the gieatcst Since 
more than a hundred years, sailors have been 
greatly interested in meteoiological studies 
Nowadays ships keep in contact with land by 
wireless during their voyage, and the legular 
meteorological bulletins are passed on to them 
The ships, too, record meteorological observa¬ 
tions, which they pass on to the land stations. 
Nowadays large ocean liners decide then 
voyage after studying the weather charts and 
alter their course to avoid bad weather 

On land, the condition of the road, particu¬ 
larly the bridges, under very heavy ram, heavy 
snow, oi frost, etc, is extremely vital to road 
users Information about these is a necessary 
service, especially in countries where the roads 
have heavy traffic 
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But It IS for aviation that the meteorological 
requiiemenls are the most exacting The meteo¬ 
rological conditions near the ground are im- 
poitant at the time of take off and landing ol 
the aiiciaft, while the conditions at the level 
wheie It flics are important duiing the rest of 
the flight. Besides, the weather must be care¬ 
fully observed, so that any serious deterioiation 
or improvement in the weather conditions is 
immediately communicated to the aviation 
personnel The warning service for aviation 
must be very alcit and efficient Forecasts are 
issued for every flight and are explained to the 
crew of the plane at their briefing These fore¬ 
casts include the temperature and wind at 
different levels along the route, and the cloud, 
visibility and weather conditions to be expected 
during the flight You will get an idea about 
the amount of seivice rendeied fiom the fact 
that during the year 1960 the forecasting offlees 
of the Indian Meteorological Department sup¬ 
plied nearly 3,00,000 flight forecasts to civil 
pilots In planning the air routes during the 
various seasons, the upper air climatological 
data IS utilized to decide how to fly most 
economically, and at what height; what times 
to choose to give the maximum comfort to 
passengers, etc 

For military flying the requirements are so 
heavy and varied that these authorities have 
their own meteorological service 

You know that many parts of our country 
are affected by floods every year These are 
mainly caused by exceptionally heavy rainfall m 
the catchment areas of a large number of rivers, 
especially those rising from the mountains. In 
order to mitigate these floods many flood 
control piojecls have been undertaken and 
several of them completed Fortunately, these 
combine hydroelectric power geneiation with 
flood control In designing these projects, accu¬ 


rate meteorological data covering a large 
number of years have to be examined very 
carefully What is the rainfall in the catchment 
area and in its different parts? What is the 
heaviest rainfall, how widely is it distributed, 
and how often docs it occur? How great is the 
rate of rainfall? Hundreds ol such questions 
arise. In answering these, accurate climato¬ 
logical data IS required. After the design has 
been decided upon and the project completed, 
meteorological information about rainfall and 
Its intensity is required for operating the 
projects from day to day Further, forecast¬ 
ing of whether, particularly rainfall, is very 
necessary duimg the operation of the project 
for the purpose of flood contiol and powei 
generation. 

The few examples given above show how 
meteoiology impinges on many aspects of our 
lives The aim is to have a complete under¬ 
standing of all the phenomena that aie occui- 
ling in the atmospheie through its entire depth. 
It is not enough to have a qualitative under¬ 
standing. Ultimately, we must be able to 
calculate the magnitude of all the quantities in¬ 
volved Only then will the anticipation of the 
futuie weather with absolute accuracy be 
possible If this is achieved, we may be able to 
control the weather Some day we may be able 
to maintain the tempeiaturc and the humidity 
of the air at desired values, and the wind speed 
at the desired speed from a definite direction; 
and the sunshine may be ordered for definite 
periods over faiily laigc, open tracts of the 
country. Harmful weather phenomena like 
hailstorms and luuricanes may be dissipated 
before they mature or reach areas where their 
destructive eflfects may cause great damage to 
life and properly, That day is still far away; our 
task IS to understand in greater and greater 
detail the science of meteorology 
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The solid earth on which we live consists 
of many types of rocks formed during dillerent 
geological eras This entire region of rocks is 
called the lithosphere (spheie of rocks) Even 
a single boulder may contain different kinds of 
rocks. Each type of rock, like granite, basalt, 
sandstone, or raaible, may contain one or more 
minerals. 

Minerals are inorganic substances generally 
formed by inoiganic processes such as solidi¬ 
fication from molten material, crystallization 
from solution or mechanical deposition from 
suspension in water. Some minerals may be 
foimed through the agency of organisms— 
calcite, aragonite, apatite in molluscan shells 
and silica in the skeletal remains of diatoms. 

Minerals aie built up of elements Some 
minerals contain only one element, for example, 
gold, copper, platinum, sulphur and carbon (as 
diamond and graphite) Some are simple com¬ 
pounds of two elements, like oxides (quartz, 
rutile, hematite, magnetite, cassiterite), sulphides 
(pyrite, sphalerite, galena, stibmte) and chlorides 
(halite, sylvitc) Several are simple salts of a 
metal and a non-metal, like sulphates, carbon¬ 
ates, nitrates, phosphates and arsenates Some 
others are double salts like sulpharsenides and 
sulphantimonides Five elements—oxygen, sili¬ 
con, aluminium, iron and calcium—make up 
90 per cent of the earth’s crust, up to a depth of 
15 km. Another seven elements, sodium, hydro¬ 
gen, potassium, magnesium, titanium, carbon 
and chlorine constitute 9 per cent of the earth’s 
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crust up to a depth of 15 1cm Their occuiience 
IS given in the following table 


TABLE 4.1 


The Major Elements 

IN THE EAimi’s 

Crust 


Weight 
(per cent) 


Weight 
(pel cent) 

Oxygen 

49 5 

Potassium 

24 

Silicon 

25 7 

Magnesium 

1 9 

Tron 

47 

Titanium 

0.6 

Aluminium 

75 

Hydi ogen 

09 

Calcium 

34 

Chloiinc 

02 

Sodium 

26 

Phosphorus 

0 I 

A very 

important 

and numcious 

class of 


mmeials aie the silicates 
Minerals possess certain definite geometric 
forms resulting from the arrangement of the 
elements in symmetric patterns These forms are 
called crystals and have smooth faces meeting 
m straight sharp edges The crystalline forms 
can be put into 6 major groups called systems— 
cubic, tetragonal, hexagonal, orthorhombic, 
monoclimc and triclinic (See Ch, 1) 

Perfect crystals are rare in natuie. But they 
do form undei very favourable conditions fiom 
a slowly cooling molten magma oi fiom solution 
m a cavity. Some examples arc beryl, mica, 
feldspar, zircon, garnet, calcite, gypsum, etc 
Minerals may be contaminated by impurities 
These may be due to extraneous elements in the 
crystal structure itself (e g, magnesium or iron 
in calcite, titanium in magnetite) or may be 
tiny inclusions which may be hair-hke, platy, 
gianular, fibious or coarse 
Minerals show various structures and textures 
depending upon their intrinsic nature and condi¬ 
tions of formation Some arc granular and form 
compact aggregates, like those m granite. Some 
arc flat and platy, like mica Others are fibrous, 
like asbestos and gypsum Some occur as coarse 
grams or lumps and others as fine grains 
Granite and limestone are common rocks show¬ 
ing a great variety of grain size Some limestones 


(eg, lithographic stone) and quartzites are so 
fine in texture that the individual grains can be 
made out only undei magnification 

Physical properties 

Minerals can be identified by certain oidinary 
physical characteristics, optical and X-ray 
characteristics and also by their chemical com¬ 
position We are conceined here with simple 
physical properties These aie- colour, streak, 
lustre, specific gravity, hardness, cleavage and 
fracture. 

Coloin Minerals display a great variety of 
colours Some have a characteristic colour, e.g, 
malachite, deep green; azuritc, bright blue, 
hematite, deep brownish red, pyrolusite, dull 
black Others may show different colours de¬ 
pending on composition, impurities and mode 
of formation. Corundum is oidinanly opaque 
and grey but tiansparent corundum having 
different colours is called by different names 
(sapphire—blue, ruby—led, oriental emerald- 
green, oriental topaz—yellow, etc) Similarly, 
spinel and tourmaline exhibit various colours 
Ordinary beryl vanes from opaque white to 
dirty gieen, but when it is transparent and light 
blue, it is called aquamaiine; and when the 
colour is a bright green, it is called emerald 
Minerals which are comparatively larc, hard, 
transparent and coloured are classified as the 
precious stones, while those which are fairly 
common, hard and opaque are the semi-precious 
stones 

Streak This is the colour of the streak of 
powder left on a matt while surface when a 
mineral is drawn across it (or when it is finely 
powdered). The streak can reveal the shades of 
a colour nicely and is therefore useful, especially 
as some minerals give a colour in the stieak, 
which appears diffeient from the colour in the 
mass Thus hematite, whether it looks brown or 
black, gives a dark red streak: limonite gives 
a yellowish brown streak; and pynte, a black 
streak tinged with yellow 

Lustre. This is the peculiarity which may be 
called the appearance of the mineial, apart from 
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its cololu The smface of the mineral reflects 
light in a particulai way which may be called 
earthy, dull, pearly, silky, waxy, glassy, metallic, 
steely, splendent, etc 

Specific Gravity This is the ratio of the weight 
of a given piece of matei lal compared with that 
of an equal volume of water Tn some cases, 
when similai looking substances ate handled, 
we can tell the difference by ‘feeling the weight’ 
Thus we can tell readily the difference between 
calcite (sp. gr =2 71) and baiite (sp gr =44) 
In many cases, however, it would he necessaiy 
to determine the specific gravity reasonably 
accurately This may be particularly useful in 
identifying certain gem minerals, though other 
confirmatory tests will have to be conducted. 

Hardness Hardness is the propeity of resist¬ 
ing abiasion It is ordinarily detei mined by 
observing the ease with which one mineral can 
be scratched by a sharp fragment of another or 
by the steel blade of a pocket-knife As theie 
IS a wide range of hardness, certain minerals are 
used as standards on a scale called the Mali’s 
Scale of Hardness This scale is given below 

Scale Mlneial Hardness 

1 Talc Very soft and feels greasy 

between the fingers, can be 
nibbed ofl very easily 

2 Gypsum Can be scratched by the 

finger-nail 

3 Calcite Readily cut by a knife blade, 

but just scratched by copper 
or bronze. 

4 Fluorite Easily scratched by knife 

blade. 

5 Apatite Scratched with some difficulty 

by knife blade but easily by 
a file. 

6 Orthoclase About as hard as a steel blade 

but can just be scratched by 
a file. This mineral can 
scratch ordinary glass. 


7 Qiiaitz Harder than a knife blade, 

scarcely scratched by a file 

8 Topaz Scratches glass veiy leadily, 

and quaitz easily 

9 Conindum Sciatches most other sub¬ 

stances 

10 Diamond The hardest substance known 
It IS even harder than the 
aitificial abrasives ' 

Most minerals aie softci than quartz, i e., scale 
7 in hardness Only a few (several being 
alumino-sihcates) are harder and the chief gem 
minerals are amongst these 

Cleavage and Fiactuie Cleavage is the pro¬ 
perty of a mineral to split easily along certain 
directions which are determined by the mole¬ 
cular structure. Mica and talc have excellent 
cleavage Calcite and gypsum have good 
cleavage Diamond has also good cleavage and 
is easily split along particular directions for 
reducing the size or for eliminating portions 
With flaws and inclusions 

Fiacture is the natural appearance and nature 
of a broken surface Some minerals break with 
a glass-Iike or shell-hke (conchoidal) fracture, 
some with irregular uneven surfaces, some with 
a splintery fractuie, and some with harsh and 
sharp projections (hackly fracture) 

Other Properties Some minerals, containing 
radioactive elements like uranium or thorium, 
are readily detected by a suitable apparatus like 
the Geiger counter which can detect the radia¬ 
tions given off. About one hundred radioactive 
minerals are known, but they are not very 
common 

Some mincials glow in the dark after exposure 
to an ultra-violet light beam (wave length in 
the range of 1600 to 3800 Angstrom units) 
There is often a play of biilliant colours. Some 
of the minerals possessing this property arc 

’ Recently, boron nitride, an artificial abiasive, has 
been pioduced, this is harder than diamond 
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fluorLte (caelcium fliionde), willemite (zinc sili¬ 
cate)^ scheeelite (calcium tungstate), wernerite (a 
silica_te of calcium, etc), sphalerite (zinc sul¬ 
phide), arnd most uranium mineials This 
flme£Sceni - properly may also be shown by 
sever-al orculiaaiy minerals' which contain some 
uianSuiii aasimpuiity (e.g , some limestones) 

Rods Eodimiiig minerals 

MMneiate may be classified into lock jonninj’ 
anti ecorokoniic. The rock forming minerals aie 
theiwostcooinmon and are the mam constituents 
otrcacks Blie major rock forming minerals are 
liste(3 in Taable 4 2 Economic raineials are those 
that are usbcA for industrial and other purposes. 


TABLE 4.2 

Cqmmoom Minerals in the Earth’s Crust 
(in per cent) 


-Milletisd 

Lithosphere 

Igneous 

Sedimentai v 



1 ocks 

rocks 

TeWsapai 

49 

50 

16 

Cuir iz 

21 

21 

35 

Pvro?>icnc, iiamphi 

- 



boISc, olirvine 

15 

17 


■Mica. 

8 

8 

15 

Migcictite 

3 

3 


Tilariiite jinod 




ilimemie 

1 

1 


Ollieia-'. 

3 


3 

Kaolun (cla-^y) 



9 

■Dolo mite 



9 

Chloaiite 



5 

Calci- te 



4 

liiiioiiiite 



4 


too 100 100 


ftie meat important rock forming minerals 
are fitaitMt, orthoclase (K-leldspar), plagioclase 
(Na- Ca fesldspar), amphiboles, pyroxenes, oli- 
Yine^ nephaelme, muscovite, biotite, calcitc, dolo¬ 
mite^ hemaalite, magnetite, kaolin and other clay 
niiiierals, • Garnet, chlorite, talc, apatite, zircon 
and tonrnnaline are some of the less important 
rock foriruing minerals. Each major rock type 


has certain chaiacteiistic or essential minerals. 
The rock type may be subdivided by making use 
of the relative abundance of the minerals 
present. 

Quartz. It is one of the most common minerals 
and is composed entirely of SiOj. It commonly 
occurs in a granular form Crystals when found 
are hexagonal, with pyramidal terminations. Its 
hardness is 7, and its specific gravity is 2 65 
Transparent crystals are colourless Opaque 
crystals and granular material may be white, 
pink, yellow, brown, green or black Trans¬ 
parent crystals of a particular type are cut into 
thin plates and used in radio and television 
because of the mineral’s piezo-electric property 
by which any pressure put on the crystal 
generates a minute electric charge Quartz 
crystals are also used for making lenses and 
piisms for optical instruments Quartz can be 
molten and made into glassware for the 
laboratory. 1 

Chalcedony This exceedingly fine-grained 
quartz is often coloured variously It is some¬ 
times beautifully banded if the solution is depo¬ 
sited in the cavity of a rock, the material formed 
IS called agate Agate and chalcedony are semi¬ 
precious stones and are made into beads for 
necklaces, trinkets and artistic objects 

Feldspars The feldspars are the most abun¬ 
dant minerals in nature and are found in nearly 
all igneous rocks. The chief species are oftho- 
close, microcline and plagioclase. All have very 
similar crystal forms and show good cleavage 
(close to 60° and 120°) They have a pearly 
lustre and have a specific gravity of about 2 6 
Orthoclase and microcline are alumino-silicates 
of potassium (K^O AljOj fiSiO^i), while the 
plagioclases are homogeneous mixtures of 
sodium and calcium alumino-silicates 
(NuaO AlaO, 6 S 1 O 2 IS called albite, and 
CaO AI 3 O 3 2 S 1 O 2 IS called anorthite ) 

Amphiboles These are complex hydrous 
silicates of calcium, magnesium and iron The 
crystals are long and needle-like, or even 
fibrous. In thin sections they show cleavages 
making angles very near to 55° and 125° Their 
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colour varies from a light to dark green. Their 
hardness is 5 to 6, and specific gravity is 3 4 
The following are the more common amphi- 
boles amongst the numerous species known. 

Tiemohte; Ca 3 Mg,(OH) 2 (SiiOii )2 

Actuiohte ■ CuaCMg. Fe) 5 ( 0 H) 2 (Si 40 ii )2 

Hornblende. Complex hydi ous silicate of 
Ca, Mg, Fe, Mn, Al, K, Na 

Pyroxenes. These are similar m composition 
to the amphiboles but do not contain the 
hydroxyl They occur as short stumpy crystals 
with cleavage angles near 90“, but occasionally 
they are long and ncedle-hke They also show 
shades of gieen colour Their hardness is 5 to 
6, and the specific gravity is 3 4 to 3 6 The more 
common species are: 

Enstatitc: MgSiOj 

Hypersthene (Fe, MgjSiO, 

Augite. Ca, Mg. (SiOi), with (Mg, Fe) 
(Al. Fe)oSiO, 

The gem mineral, jade or jadeite Na Al 
(SiO,)^, belongs to this group 
Micas This family of minerals has perfect 
basal cleavage They are hydious alumino¬ 
silicates of alkali and other metals They form 
large six-sided crystals Their hardness is 2 5 
to 3 and specific gravity is 2 8 to 2 9 The 
common micas are: 

Muscovite (K. mica) This is white or light 
green. 

Lepidolite (Li. mica) This is white or 
sometimes pinkish 

Phlogopite (Mg. Mica) This is yellow to 
orange 

Biotite (Mg, Fe mica) This is black 

Olivine. This is a group of minerals, ordi¬ 
narily green in colour The common olivine is 
an orthosihcate of Mg and Fe—(Mg, Fe) 2 SiOi 
Other species contain Ca, Mn, Fe, Mg, in 
various combinations (H=6 5 to 7, Sp Gr = 
aiound 3 3) They are found in igneous rocks 
which are rich in magnesium and low in silica, 
or m metamorphosed limestones and dolomites 
Garnets This is another family of minerals 


found in igneous and metamorphic rocks. They 
crystallize in the isometiic (cubic) system and 
are often found as good dodecahedral or 
Lrapczohedral ciystals TJie chemical composi¬ 
tion IS of the type Ra'Ro'XSiOJ,, in which R' 
IS Ca, Mg, Fe. Mn, and R" is Al, Fe, Cr, Ti 
The most common gainet is the red to purple 
coloured almandite FCjAl/SiOJa Garnets are 
also found m other colouis, depending on the 
composition. Their hardness is 7 to 7 5 and the 
specific giavity is 3 4 to 4 3. 

Chloiite. It IS a small group of hydious iron, 
magnesium and aluminium silicates. It is a 
product of the alteration of other ferro-magne- 
sium minerals and occurs m small gianular or 
sheaf-hke bunches of green colour This gioup 
possesses good mica-hkc cleavage, but the 
flakes are ciumpled, being inelastic Its hardness 
IS 2 to 2 5, and the specific gravity is 2 6 to 2 8 

Talc 01 Steatite It is a magnesium silicate 
(MgjSii 04 ( 0 H)j) found as masses, bands or 
flakes 111 metamorphosed dolomites or basic 
Igneous rocks. It is white, light gieen or grey in 
colour Its hardness is 1 to 1 5 and its specific 
gravity is 2.75 The mineral has a good mica¬ 
ceous cleavage but the flakes are inelastic It is 
very soft and is often used foi making objects 
of art, statues, etc. 

Serpentine This is a hydrous magnesium 
silicate (HjMgjSijO, or 3 MgO, 2 S 1 O 22 H 2 O). 
It IS white, creamy or green to black 
colour. It is formed from magnesian igneous 
rocks or from dolomite by metamorphism. Its 
hardness is around 3, and specific gravity, 2 6. 
When occuiring in large masses, it can be cut 
into blocks for use as an ornamental building 
stone, or made into vases, trinkets, etc The fine 
fibrous form is called ‘chrysotiie asbestos’ 

Epidote This is a gioup of hydrous alumino¬ 
silicates with Ca, Fe, Mn, etc, found in meta¬ 
morphic rocks and in some granites The 
common epidote is green in colour and forms 
slender prismatic crystals Its hardness is 6 to 
7 and its specific gravity is 3 3 It is sometimes 
found as radiating clusters of needle-like crys¬ 
tals in metamorphosed limestones 
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Tourmaline It is an alumiiio-silicate of 
ceitain metals (non, calcium, magnesium and 
alkalies) containing sonic boron, and occurs in 
some granites and schist. It forms stout, six- 
sided black crystals often with longitudinal 
sLraitioiis on the prismatic faces Its hardness is 
7, and its specific giavity is 3. Some tiansparent 
tourmalines arc coloured pink or gieen and 
aie used as gemstones 

Economic minerals 

Economic minerals include a large number 
used for a variety of purposes. Those which aie 
used foi the extiactioii of metals are called ores 
Other minerals may be used as abrasives (for 
grinding and pohslimg), as refractories (heat 
lesisting matciials) for the maiiufactmc of glass, 
ceramics, paints and pigments, as gemstones 
and as raw materials tor the chemical indus¬ 
tries 

In their natural state, the useful ore minerals 
are mixed with a lot of useless material called 
gangue. The quality of the material (percentage 
of the metal or useful constituent) is known as 
the grade, which may be described as high, 
medium or low according to the profitability of 
working it. This, however, will depend on a 
number of factors 

The location of a deposit with reference to 
accessibility and transport is an important factoi 
A deposit close to a good road or railway is less 
expensive to work than one in the interior where 
there are no transport or other facilities like 
watei, power and labour supply. Cheap trans¬ 
port and nearness to markets are also important. 
Road transport is costlier than rail transport, 
and this, again, is costlier than water (sea or 
canal) transport. 

The nature of the deposit has great influence 
on the method and cost of working. A deposit 
exposed at the surface or at shallow depth With 
a simple geological structure is easier and 
cheaper to work than the one at some depth 
with a complicated structuie The amount and 
nature of the impurities associated with the 
useful mineral aic of importance as they deter¬ 


mine the type and cost of the processes to be 
used m the recovery of the useful materials 

Developing and working mineral deposits 

Mineral deposits arc formed in nature under 
specific conditions Some are found m igneous 
rocks, either as constituents of the locks them¬ 
selves or introduced by the igneous emanations 
Some minerals arc deposited with sedimentary 
locks Some are formed as surface accumula¬ 
tion, as a result ot weathering of the rocks; or 
these residues may get concentrated along 
streams or beaches 

Igneous Deposits Many melalliferrous mine¬ 
rals are closely connected with igneous rocks 
and are derived from them. But only a few 
solidity as part ot the igneous masses Some 
examples are: chiomite, titamferoiis magnetite 
and apatite masses in basic rocks, cassiteiite 
and wolfram m granites, feldspar, mica and 
beiyl in pegmatite, and coppci sulphide mine- 
lals in porphyry 

Hydrothetmal Deposits Many mineials, parti¬ 
cularly those of the useful metals, are transport¬ 
ed by water in the gaseous or liquid state and 
deposited in the fracture and shear zones of 
existing rocks (igneous, sedimentaiy or meta- 
morphic) These generally form veins and lodes. 
Different minerals form under different ranges 
of temperature and pressure, gold, arsenopynte, 
cassiteiite and wolfram at high temperature, 
copper, nickel, cobalt, and molybdenum minerals 
mainly at medium temperatures, lead, zinc, and 
silver at low temperatures 

Replacement Deposits These are due to the 
deposition of minerals from solutions in partial 
01 full replacement of the host rocks These are 
mainly sulphides and carbonates Though most 
rocks are easily replaced, the most common host 
rocks are limestones and dolomites The solu¬ 
tions enter thioiigh the major fracture zones and 
replace the rock on either side and very often 
permeate the rock to some distance laterally, 
depositing gradually diminishing amounts away 
from the main channel The soaking by the 
solutions produces disseminated material in the 
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host rock Hydrothermal deposits are, m many 
cases, also leplacemcnt deposits 

Sedunenfmy Deposits These arc formed by 
deposition, in bodies of water, of mateiial 
brought m suspension or solution by riveis and 
streams Some examples aie ■ beds of hematite, 
linionitc (bog non ore), manganese ore; lime¬ 
stone. dolomite, sand and clay, possibly copper 
sulphide and oxide of the kupfeiscliicfei type 
found in Germany. 

The following aie formed from evapoiating 
bodies of water, dolomite, gypsum, rock sail, 
sulphates and chlorides, and potassium and 
magnesium. These go under the general name 
of evapoiites. 

Coal and lignite beds aic sedimentary 
deposits Petroleum is derived from organic 
matter deposited with sediments and it accu¬ 
mulates in stiucturally suitable porous horizons 

Residual Deposits These aie deposits of 
mateiials left behind after the weathering of 
rock masses, when some of the constituents are 
earned away in solution Bauxite, laterite and 
hydroxides of non and manganese arc formed 
111 this manner 

Some minerals highly resistant to weathering 
are also concentrated by such a process The 
mineral grains may be carried by currents of 
water and deposited in river valleys and beaches 
Deposits of this type contain gold, garnet, mona- 
zite, ilmenite, magnetite, diamonds and some of 
the precious stones. 

Exploration, prospecting and exploitation 

Mineral deposits may be discovered by 
chance, as they were about a century and a half 
ago. However, as the principles of their 
occurrence became better known, discovery 
became a matter of intelligent search Now, 
geologists and prospectors use scientific prin¬ 
ciples. The geological map of a territory gives 
a clue to the type of mineral deposit that may 
be present there and rules out the occurrence 
of certain mineials. Many metalliferous deposits 
occur only in regions of former mountain- 
building activity, because the great disturbance 

15 


of the earth’s ciust m those regions has enabled 
mineial-bcaiing igneous emanations to come up 
fiom below 

When the presence of a mineral deposit 
becomes known from surface indications, pros¬ 
pecting is undeitaken to piove its extension on 
the suifacc and at depth, and to find out its 
structiiie and pcciihaiitics The geological 
stiuctuic of the formations is studied to deter¬ 
mine the diicction m which the deposit may 
continue In the case of shallow deposits, pits 
and trendies are dug along the indicated direc¬ 
tions Wherevei the deposit is met with, samples 
are taken systematically for analysis 

When a deposit is suspected to be hidden at 
some depth below the suiface, geophysical 
methods may be used These compiise the ap¬ 
plication of physical principles to the detection 
of the presence of suitable structures or of the 
pieseiice of certain types of mineials The 
gravitational method is used to discover diffei- 
ences ill the relative density, so that a dense 
mass sunounded by more ordinary rocks is 
easily delineated A large lode of metallic 
sulphide or a laige lens of chromite or magne¬ 
tite can be detected in this manner 

Magnetic Prospecting The presence of a 
body of high magnetic susceptibility can be 
mapped by measuring the vertical and horizon¬ 
tal magnetic foices ovei the area Bodies of 
magnetite and some types of manganese ore or 
nickel-bearing sulphides can be found by this 
method. 

Elect) ical Methods of Piospecting. These 
methods employ the principle that certain 
minerals like giaphite and sulphides generate 
an electrical field m and aiound them By 
measuring the electrical potentials at the various 
points in the area containing such deposits, it 
is possible to delineate the body Water-bearing 
strata can also be found by measuring the con¬ 
ductivity over the area, because underground 
water always contains dissolved salts which aio 
electiolytcs and, therefore, have greater conduc¬ 
tivity than the adjoining stiata or ground which 
contain very little water. 
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Seismic Pt aspect mg. This method of pros¬ 
pecting makes use of artificial explosions inside 
a borehole at a depth of a few tens of metres 
The explosion produce elastic waves whose re¬ 
fraction along certain strata, or reflections from 
the contact surfaces between pairs of strata, are 
recorded on photogiaphic films after suitable 
amplification By measuring the travel time of 
the different refi acted or reflected waves, the 
structure of the strata underground can be 
accurately depicted, and the possibility of the 
existence of petroleum reservoirs can be assess¬ 
ed This method is also useful for the study of 
undcrgiouiid geological structure and for loca¬ 
ting any mineral deposits which may be asso¬ 
ciated with such structures 
Methods jor Detecting Radioactivity There 
are methods for detecting the radioactivity of 
the ground, and hence the presence of radio¬ 
active minerals The Geiger counter can detect 
the presence of such minerals near the surface, 
but the smtillometer is more powerful and can 
be used from helicopters or aeroplanes flying 
over the area suspected to contain radioactive 
deposits at shallow depths 
Geochemical Methods These have come into 
use more recently For this purpose, soil samples 
are taken from an area, at closely spaced 
intervals, and analyzed rapidly for particular 
elements The distribution pattern of the 
element will indicate the limited area to be in¬ 
vestigated or the direction towards which one 
has to proceed to locate the desired deposit 
Drilling Prospecting is generally followed by 
drilling The drill hole can be put down verti¬ 
cally or at an angle, as necessary Where 
accurate sampling is not necessary (mainly m 
the case of non-metallic minerals and coal) and 
data are required only to find the depth and 
area of the deposit, a percussion drill would 
be suitable Where more detailed data are re¬ 
quired, lotary drills are employed and the core- 
barrel brings up the actual columns of rock 
penetrated For rapid drilling, the cutting bits 
at the end of the core-barrel are armed with 
tungsten-carbide or diamond crystals. Drills 


capable of penetrating to 2000 metres or so are 
available for mineral prospecting For oil pros¬ 
pecting, the drilling technique is somewhat 
different, as specially prepared heavy mud 
(thick slurry of special clay mixed with barite 
or other heavy mineral) has to be used in the 
drill hole and large depths arc involved It may 
be stated here that the deepest mines in the 
world aie the gold mines of Kolar in Mysore 
and the Witwateisrand mine iii South Africa 
working at a little over 3000 metres’ depth, the 
deepest oil well on record is 25,340 ft (7722 m) 
on the Gulf Coast of the USA. 

After ascertaining that a deposit contains 
sufficient economically workable useful ore or 
mineral, it is opened up by a shaft or incline. 
Steep-dippmg deposits are worked by shafts, 
and at several levels Mining is a complicated 
operation, as it involves arrangements for hand¬ 
drilling, breaking ground and ore, blasting, 
haulage and hoisting of material; ventilation of 
workings, prevention of dust production to 
avoid explosion and to prevent lung diseases: 
and the adoption of various safety practices. 
The arrangement of the working faces and the 
method of working will depend largely on the 
structural features of the deposit 

After the ore or mineral is hauled up to the 
surface, it may undergo preparation for the 
market, which may include simple hand-picking 
or one or more methods of beneficiation 
Mineral Beneficiation. Benefication consists 
of processes to improve the grade of the mineral 
taken out of a deposit. It may be done by 
utilizing the difi:erences m density between the 
useful mineral and the accompanying waste 
material (gangue) Shaking tables throw up the 
lighter matenals and concentrate the heavier 
ones which remain at the bottom and move com¬ 
paratively slowly. In washing processes, water 
aids the separation In the cleaning of coal, the 
crushed material is agitated in water mixed with 
a finely powdered heavy mineral like magnetite, 
so that the water behaves like a heavy liquid. 
The purer, higher grade coal floats m the heavy 
liquid, and the impure coal and rock fragments, 
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which are heavier, sink to the bottom. The 
lightci coal can thus be separated fiom the 
heavier impure coal and rock 

The magnetic piopetty of minerals is used in 
their separation from non-magnetic matciials 
The ore, ground down to a suitable size, is 
passed ovei a belt in a magnetic field, when 
magnetic minerals like magnetite, ilmenite, etc , 
aie kept back and the non-magnetic quartz and 
other minerals aic lejectcd and pushed away 
This process is used to concentrate ilmenite from 
beach sands, and magnetite from the other ingre¬ 
dients in a quartz-magnetite rock The electro¬ 
magnetic piocess can be used to separate 
minerals of different magnetic susceptibilities 
(e g, magnetite, ilmenite, ferromagnesium sili¬ 
cates, garnet, monazite, etc) from one another 
and from the associated non-magnetic minerals 
in beach sands, or the mixed minerals in beach 
sands or a rock, by adjusting the strength of the 
magnetic field by stages 

Electrostatic separation can be used similarly, 
because different minerals behave diPEeiently in 
an electrostatic field, Rutile is thus separated 
from some of the other minerals in beach 
sands 

Flotation is a very useful and versatile 
process. The medium is a water solution of 
certain chemicals mixed with a suitable oil 
Some mineral grams are wetted by the water 
and others are not. When the mixed minerals 
in a ciushed ore are agitated in such a medium, 
air bubbles attach themselves around the non- 
wettable minerals and rise to the surface and 
can be skimmed off while the others arc wetted 
and sink to the bottom Some chemicals in the 
water act as collectors and help in the flotation 
while some others act as depressors. A large 
number of mineials, both ores and non-metallic 
minerals, can be treated by this process, 
using a veriety of combinations of chemicals 
This process is particularly useful in treat¬ 
ing complex ores containing several metallic 
minerals It has also been applied for 
separating mineials like barite, charbonates and 
phosphates 


Economic mineral deposits of India 

In the following paiagiaphs a shoit account 
is given of the more important minerals (and 
some mineral pioducts) produced in India 

Metallifeious Minerals 

Ptecious Metals These comprise gold, silver, 
platinum, indium and osmium. Of these, only 
gold and silver aic produced in India. Gold 
occurs mainly as native gold (clement), often m 
association with pyrite and some other sul¬ 
phides in quartz veins The veins or reefs 
traverse the amphibole-schists of the Dhaiwa- 
rian system in Kolar in Mysore State, and in 
similar ancient schists in the Wynad area of 
Malabar, m Hutti (Mysore), Anantapur 
(Andhra), and in Singhbum (Bihar) The reefs 
in Kolar dip steeply near the surface, and 
practically vertically at depth. The aveiage 
grade of ore worked in Kolar and Hutti (the 
only producers) is around 5 to 7 dwt per ton 
(1 dwt=l 555 gm) The producing lode in 
Kolar is called the Champion lode which iiins 
north-south foi several miles but is worked 
over a length of about 5 miles. The maximum 
depth reached is a little over 10,000 ft As the 
gold is in the metallic form, the powdered ore, 
mixed with water, is passed over closely woven 
mats or blankets m which the gold particles 
settle down. The very fine particles passing into 
the slime are treated with Na CN (Cyanide) 
solution which dissolves the gold and from 
which it is separately precipitated There are 
still large quantities of lower giadc ores in some 
of the lodes in Kolar 

The Kolar gold field had produced £150 
million worth of gold up to 1960 The annual 
production of gold in India is nowadays around 
4300 kg, the bulk of it being from Kolar. It 
has been going down steadily during the last half 
a century, from over 10,000 kg to the present 
output 

Silver. There are at present practically no 
mines in the world which produce silver as the 
major product. Silver accompanies gold and 
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lead 111 many oies, so that the bulk of the 
world’s production comes fiom gold, copper 
and Icad-zmc mines. In India, thcic is a small 
piodiiction from Kolar (about 10 to 20 parts 
silver to 1000 paits gold), and from the lead 
oie of Zawai, Rajasthan, which is smelted in 
Bihai, the total annual output being around 
4000 kg 

India has no deposits which produce other 
precious metals 

Fenous Metals 

These are usually taken as including iron, 
manganese, chiomium, nickel, cobalt, molyb¬ 
denum, titanium and tungsten 

Iron The chief ores of iron aic hematite 
(Fe^Oj), magnetite (Fe,T 0^), siderite (FeCO.,), 
and limomte and goethite (hydioxidcs of iron) 
Theic are three types of deposits in India The 
first is the banded heraatite-quartzites, which 
form beds in the iron ores series occurring in 
several states, particularly Bihar, Orissa, 
Madhya Pradesh, Maharashtra, Goa, Mysore, 
Madras and Andhra These banded ores are 
marine sedimentary beds which have been en¬ 
riched to bodies of high grade hematite thiough 
the agency of ground-water, after uplift, at or 
near the surface These are the sources of all 
our iron ore supply at present. The best ores 
contain over 60 per cent iron with low silica, 
sulphur and phosphorus, but there are also 
large quantities of lower grade ore 

Where these ores have been metamorphosed, 
they have become banded quartz-magnetite 
ores The iron percentage in these is around 45 
to 50, but they can be crushed and easily con¬ 
centrated by the electromagnet to richer grades 
of 60 per cent and over Such ores occur m 
large deposits in Guntur (Andhra), Salem- 
Trichinopoly (Madras), and in Mysore It is 
proposed to utilize the Madras deposits shortly 
in a smelter to be set up in the Salem district. 

The second type of deposits are the titani- 
feious magnetite bodies occurring in Eastern 
Singhbhum (Bihar), Mayurbhanj (Orissa) and 
Southern Mysore These bodies are of igneous 


origin and contain up to 15 per cent of TiO,, 
These are difficult to smelt and are not likely to 
be used for some years to come 
The third type comprises beds of carbonate 
ore m the ironstone shales (Gondwana) of the 
Raniganj coalfield in Bengal These ores have 
been converted to limomte at the surface They 
were used by the Bengal Iron Company (which 
IS now known as the Indian Iron and Steel 
Company) up to about 1918, when the rich 
hematite ores of Singhbhum replaced them 
There are, in addition, numerous scattered 
deposits of laterite m many parts of India, 
which may receive attention m the future. 
Laterite is a mixture of the hydroxides of iron 
and aluminium (sometimes with some manga¬ 
nese and titanium also), containing about 30 
per cent of iron Large masses of laterite occur 
as cappings over the Deccan Traps of Madhya 
Pradesh and Mahaiashtra and the gneisses and 
Teitiaiy sandstones of Kerala 
Manganese The chief oie mineials of 
manganese ore pyrolusite (MnOj), polianite 
(MnOj), psilomclane and cryptomelane 
(hydrous Mn manganate), hollandite (manga- 
nate of Mn, Fe, Ba), braunite (SMnjO,) 
MnSiOj, rhodochrosite (MnCO.J and a few 
others. The ores arc usually a mixture of two 
or three minerals Though the best commercial 
oies may contain up to 54 pei cent Mn, they 
aie classed as first grade (over 48 per cent), 
second grade (45 to 48 per cent), and third 
grade (40 to 45 per cent) The deposits in India 
are all originally of sedimentary origin, laid 
down as sedimentary beds in the Prccambnan 
rocks By metamoiphism they have been alter¬ 
ed to a rock called gondite, consisting of quartz, 
the manganese gainct spessaitite and some Mn 
silicates. The purer sediments became mainly 
pyiolusite, psilomelane and hollandite Braunite 
IS also common in Indian ores The gondite 
type of rock and associated ores are common 
in the Chhindwara-Nagpur-Bhandara area of 
Madhya Pradesh and Maharashtra, and in the 
Narukot-Jhabua area of Gujarat 
In the Ganjam-Snkakulam-Visakhapatnani 
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area of the Eastern Ghats, the mangamferous 
sediments have been metamorphosed and intrud¬ 
ed into by apatite-rich giamtc, the resulting 
lock being called koduiite (quartz, feldspar, 
manganifeious gainct and apatite) Another 
type of ore which is found in sevcial places in 
Orissa, and m Dhaivvar and Kanata in Mysore, 
has been formed by the concentration of the 
manganese in some of the strata by solution 
and redcposition, mainly as pyiohisite and 
ps'ilomelanc This type sometimes contains vciy 
high giade powdeiy pyrolusite, suitable for use 
in diy batteries 

The deposits of the Nagpur belt run for a 
distance of 200 km and contain three or four 
hoiizons of large ore bodies They contain the 
largest and best deposits of India and are 
thought to hold rcseives of 80 million tons 
within a depth of 150 m The other deposits, m 
Gujaiat, the Eastern Ghats and Mysore, may 
contain about 50 million tons. 

Manganese ore is added to the furnace 
charge m making iron and steel Good pig non 
and ordinary steel may contain 3 to 4 per cent 
of manganese. Special manganese steel which 
has great hardness and abrasion resistance (as 
in certain wearing parts of crusheis) may 
contain up to 15 per cent manganese 

India, Brazil, the Soviet Union, South Africa 
and Ghana are important producers of manga¬ 
nese ore The production in India has vaiied 
between 0 2 and 1 8 million tons per year 
India has so far produced about 48 million tons 
(between 1892 and 1964), most of which was 
expoited Indian consumption is rising in pro¬ 
portion to the inciease in the production of 
steel 

Cluomuim The mineral chromite 
(FeO Qj O 3 ) IS the chief ore of chromium 
First grade ore contains over 48 per cent of 
Cr, O,. It usually contains oxides of iron, 
magnesium and aluminium as impurities each 
of which may amount to 18 or 20 per cent 
Chromite occurs as lenses, veins and dissemi¬ 
nations in ultrabasic rocks Good deposits occur 
in the Cuttack and Kconjhar districts (Orissa), 


Kiishna district (Andhra), Ratnagui (Maha¬ 
rashtra), Southern Mysore, Maiupui, Kumaoii 
and Kashmii Indian production has fluctuated 
between 20,000 and 50,000 tons pci year The 
reseivcs aie not known, but they may be of the 
order of 5 million tons 

The most impoitant chiomitc-producing 
countries arc Turkey, South Africa, Southern 
Rhodesia, Philippines and the Soviet Union 
Chromite is used for the lefractoiy lining of 
furnaces, for the manufacture of chemicals, and 
as an alloying element in steel in dilTeient pro¬ 
portions. The best known chiome steel is 
stainless steel containing about 18 pci cent 
chromium and 9 per cent nickel 

Titanium. Ilmenite (FeOTiO,) and lutilc 
(TiOj) are the common ores of titanium, A 
small deposit of ilmenite was known in 
Rajasthan but iL has been woiked out. The 
only source of these two minerals arc the 
beach sands of Travancore, from which about 
200,000 tons of ilmenite and 400 to 500 tons of 
lutile have been produced per year. The 
present production of ilmenite is much less. 
Other beach deposits occui in Orissa, southern 
Madras and Maharashtia 

Both the minerals, and especially ilmemte, 
are used as sources of titamura metal and for 
making steel During the last 20 years, metallic 
titanium has been manufactured and used in 
machinery and some structural parts which 
have to work under conditions calling for 
resistance to high corrosion, e g, corrosion 
from certain chemicals and sea water Rutile is 
used in welding lods to give high quality welds 
in steel 

Ilmenite is used extensively for making the 
paint pigment known as titannun white, which 
IS really TiOn but is blight white It can be used 
by Itself and in mixture with other paints 

Large deposits of ilmemte, occurmg as lenses, 
are worked in New Yoik State. Beach sands 
are worked m Brazil, West Africa, Malaya and 
Australia 

Tungsten The best known tungsten minerals 
are wolframite (Fe,Mn)W 04 and scheelite 



120 


GENERAL SCIENCE FOR YOU 


(CaWOj) Only three or tour small deposits of 
wolfram are known in India—near Degana 
(Rajasthan), near Nagpur, Tatanagar, and 
in West Bengal. The lattci were woiked duiing 
World War II for a short time Degana produces 
a few score tons fiom time to tunc 

Tungsten is used in carbon steel for making 
hacksaw blades and superioi tools Special 
machine tools, which keep their cutting edges 
without softening almost up to red heat (550° 
or 600 "C), are made of high-speed steel, which 
may contain 12 to 20 per cent W, 2 to 5 per cent 
Cr and 0 5 to 2 2 per cent V In some of these 
steels, Mo is partly substituted for tungsten The 
largest sources of wolfram are Burma, Malaya, 
South China and USA 

Nickel and Cobalt Minerals of these metals 
are rate in India Cobaltite (a sulpharsenidc) 
and another cobalt mineral are found in small 
quantities in the Khetri copper deposits 
They have been used iii a small way for 
making a blue enamel for the jewellery trade in 
Rajasthan 

Nickel and cobalt often occur together as 
sulphides, sulpharsenides, sulphantimonides, etc 
Nickel IS used in a large variety of steels foi 
various purposes, mainly due to the reseaich 
carried out by the International Nickel Co , of 
Canada, where the world’s largest deposits 
occur. Some nickel steels are non-magnetic and 
others (permalloy) possess high magnetic per¬ 
meability (50 to 75 per cent Ni) Invar (with 
30 to 42 per cent Ni) is an alloy with a very low 
coefficient of expansion, it is used in measuring 
scales, tapes, chromometer parts, etc Chroniel 
and nichtome (with 65 to 85 per cent Ni, 15 to 
20 per cent Cr, and the rest iron) have high 
electrical resistance and are used in heating 
elements Some nickel alloys have very high 
tensile strengths. Platinite is an alloy with 45 
per cent Ni. having the same coefficient of ex¬ 
pansion as platinum and glass, and therefore 
very useful in sealing wires in glass (eg, m 
electric lamps). Stainless steels are made in 
diffeient compositions and are used extensively 
m the daily, food and several chemical indus¬ 


tries Canada and New Caledonia arc the laigest 
soiuces of nickel 

Cobalt, similaily, enters into several alloy 
steels Stellite is a high-speed steel containing 
45 to 70 per cent cobalt, 30 to 35 per cent 
chiomium and 3 to 17 pei cent tungsten It has 
also high abiasion and corrosion lesistance 
Ceitam compositions (e.g., 57 pei cent Fe, 35 
per cent Co, 4 pei cent W and 2 per cent Cr) 
make an excellent alloy for permanent magnets 
A tungsten carbide with cobalt (86 W, 10 Co, 

4 C) IS a veiy hard abrasive Northern Rhodesia 
and Congo are the largest sources of cobalt in 
the world. There aie some small nickel and 
cobalt deposits in Nepal 

Molybdenum It is obtained from a sulphide 
and an oxide. There aie only a very few deposits 
in the world, the best known being in Colorado, 
USA Molybdenum steels have high strength, 
wear resistance, and toughness Molybdenum 
can be added to certain chromium, tungsten and 
cobalt steels to strengthen particulai properties. 

Vanadium It occuis with titanium in some 
magnetite deposits and also in association with 
uranium ore Vanadiferous magnetite occurs in 
Singhbhum (Bihar) but has not been exploited 
as the recovery of the clement poses difficulties 
in metallurgical treatment Vanadium steels have 
gieat strength and wear lesistance, and aie used 
foi heavy forgings, locomotive parts and frames, 
and in boiler tubes, etc 

Vanadium ores occur with uranium ores in 
the Colorado plateau in the USA. Large 
deposits of pationite (VSi) occur m Peni in 
South America. 

Common Metals 

Copper The most familiar metal in this 
group is copper Native copper occurs in lava 
flows, but occasional, small quantities occur 
in the Deccan Traps of India. Laige masses of 
native copper have been woiked from the lavas 
of Michigan, U.S.A. 

The mam sources of copper in the world are 
vein and lode deposits in the form of sulphides 
and other compounds The following are some 
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of tlie important compounds: Chalcopyrite (Cu 
Fe S 3 ), chalcocitc (CilS), covcllite (Cu S), bornite 
(CujFeSi), tctrahediite [Cu,Fe)i 3 SbiSij], tennan- 
tite (3 CujS. Aso SJ, cuprite (CUnO), tenoiite 
(CuO), malachite—CuCOj Cu(OFI) 3 , azuiite 
(2 CiiC 03 .Cu( 0 H) 2 ), chalcanthite (CuSOj 5 
H 3 O). atacamite (CuCla 3 Cu (OH)^). The 
sulphides and sulphaisenide-sulphantimonides 
are the piimary ores and they are often 
converted to oxides, sulphates and carbonates 
near the surface Malachite and azunte are 
conspicuous in the outcrops because of their 
arresting gieen and blue colours 

Copper ores are often associated with ores of 
other metals like Ni, Co, Pb, Zn, etc. A number 
ot these oies are becoming valuable by-products 
of copper mining 

Several countries are good copper producers, 
the more important ones being the USA, 
Canada, Chile, N Rhodesia, Congo, Japan, 
U S.S.R., Spain, etc India has only one pro¬ 
ducing mine in Singhbhum (Bihar), located in 
a zone of overthrust in the Piecambrian rocks, 
associated with uranium ore The annual pro¬ 
duction of copper fioni this mine, which is 
smelted near the mine, is about 9000 tons per 
year. 

There are a few other copper deposits in 
India, which aie under investigation and 
development. The deposits at Khetri in Jaipur 
are said to contain large reserves of low grade 
ore Three or four deposits near the eastern 
border of the Cuddapah basin in Andhra and 
one in South Arcot in Madras are under investi¬ 
gation These are likely to be good deposits. A 
few deposits are also known in Sikkim. 

Next to non, copper is the most useful metal. 
Brass and bronze are the best known alloys of 
copper Springs with a very high fatigue resist¬ 
ance are made from an alloy of copper and 
beryllium Copper is also used extensively in the 
electrical, munitions and building industries. 

Lead and Zinc The oies of these two metals 
occur together The chief minerals are sphalerite 
(Zn S) and galena (PbS), which are altered neai 
the surface to cerussite (PbCOJ, anglesite 


(PbSOj), smithsonitc (Zn COj), and calamine 
(H, Zn Si O,) The only deposits now woikcd 
in India aic those ot Zawar near Udaipur 
(Rajasthan). The oie occurs as replacements of 
the dolomites of the Aravalli system, which dip 
steeply The present production is around 700 
to 800 tons of ore pei day, containing 4 to 7 
per cent of the two metals together The ore 
becomes lichei in zinc at depth. Only the lead 
concentrates aie smelled in India, the zinc con¬ 
centrates are exported There are four deposits 
in the aiea which may have reseives of the Older 
of 10 to 15 million tons. The present production 
is about 2500 tons of lead (and a little silver) 
and 1200 tons of Zn concentrates. 

Some other deposits occur in Jaipur (Raja¬ 
sthan) and in Andhra Pradesh, but they are yet 
to be fully investigated. 

Othet Metals 

Aluminium. The chief aluminium ore is 
bauxite, which is a hydroxide of aluminium 
It is a product of the weathering of high-alumina 
shales and clays and highly feldspathic rocks 
Deposits aie found as residual caps, the chief 
ores in India being in Bihar, Madhya Pradesh, 
Gujarat, Maharashtra and Madras. The amount 
of bauxite of all grades has been estimated at 
250 million tons, of which less than 50 million 
tons is of high grade. There are at present three 
aluminium smelters in India and theii combined 
production is around 30,000 tons, this produc¬ 
tion IS, however, rising 

Magnesium. Though magnesium occurs 111 
many minerals, particularly silicates, only 
magnesite (Mg CO3) was at one time used as 
a source for the metal Nowadays, magnesium 
is recovered from sea water, so that the magne¬ 
sium-bearing minerals are utihzed for other 
purposes. 

Calcined and ‘dead burnt’ magnesite are used 
for lining furnaces which require a basic re¬ 
fractory; for this purpose an iron content of 
some 6 to 8 per cent in the magnesite is desir¬ 
able In the past, the mineral was also used for 
making oxy-chloride cement for flooring 
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India has laige deposits of magnesite in the 
Salem distiict of Madras and in Southern 
Mysore where it has been derived flora the 
hydrotheimal alteiation of diinite (ultia-basic 
olivme rock) These deposits contain over 80 
million tons within a depth of 30 meties A few 
million tons aie also picscnt in the dolomite 
bands of the Piecambiian Age at Decliawri and 
at other places m the Almora District (U.P.)- 

Tin III India, two or three small occuirenccs 
in gianiLic rocks of tin ore (cassiteritc, SnO,) 
are known m the Hazaribagh and Ranchi 
districts of Bihar, but they aie not profitable to 
work The chief sources of tin in the woild are 
the following granite belts. Shan-Thadand- 
Malaya-Indonesia and Southern China in Asia, 
Nigeiia in W. Africa and Bolivia in South 
America. 

Unmium and Thai nan. Though a very laige 
number of uramum-bcaring minerals are known, 
the chief ones aie uranimte or pitchblende 
(uranium oxide) and its alteration products— 
torbermte (copper uraiiate) and carnotite (potas¬ 
sium-uranium vanadate). The chief source in 
India lies in the copper belt of Singhbhum, 
where torbermte and other U-minerals occur in 
association with coppei ores. These deposits are 
estimated to contain 10 to 12 million tons of 
ore with 0 05 to 0.1 per cent U,0« The mica- 
pegmatites of Bhilwaia and Ajmer m Rajasthan, 
Gaya and Hazaribagh in Bihai, and Nellore in 
Andhra contain some sporadic uranium minerals 
which aie not of economic value 

Before atomic energy was developed, uranium 
minerals were used for making paints and as an 
ingredient of glass The chief deposits in the 
world are in the Congo, the Great Bear Lake 
area m Noith-west Canada, the Colorado 
plateau m the U S A , South Australia, Czecho¬ 
slovakia, and some other places 

The chief thorium minerals are: monazite 
(a ceiium phosphate with Th), thoiiamite 
(ThSiOi) and thorite (Th-V oxide) They are 
found mainly m the heavy mineral beach sands 
of Brazil, West Africa, Ceylon, Malaya, 
Australia, etc 


In India, the beach sands of Travancore, 
Madias and Orissa, and the soil in some parts 
of Ranchi (Bihai) contain several million tons 
of monazite, with about 6 to 8 pei cent Th Oj 
Thoiium nitrate has been used in the manufac- 
tuic of ga.s mantles (for cmilLing bright light), 
while Th is a super-iefiacloiy Thoiium is an 
atomic energy element. 

Zuconium Zircon (Zi SiO,) is the chief zirco¬ 
nium mineral It is a minor constituent of the 
heavy mineral beach sands of Tiavancoie and 
Madras Zr has been used as an alloying element 
in steel, while the oxide is used as a super- 
refractory 

Non-inctallic or industrial minerals 

Abrasives Modem industiy uses a variety of 
mmcials for grinding and polishing Diamond 
and coiunduin aie costly, but garnet, quartz and 
some other siliceous materials, and magnetite 
and several aitiflcial products are used as 
cheap abrasives The polishing materials in¬ 
clude diatomite (mainly silica), kaolin, limestone, 
chalk, steatite and red oxide (hematite) 

Asbestos Of the four major types of asbestos 
in use m the world, India has some resources 
of the chrysotile (serpentine) and amphibole 
types. Chrysotile of good quality occurs in the 
Cuddapah District (Andhra) in the dolomites of 
the Cuddapah Age along the zone of contact 
with a sill of basic igneous rock The annual pro¬ 
duction IS around 400 to 500 tons. Amphibole 
asbestos occurs in several places Singhbhum 
and Dhanbad in Bihar; Mayuibhanj in Orissa; 
Alwai, Udaipur and Idar in Rajasthan, Bhan- 
dara in Maharashtra; and southern Mysore. 
These sources produce about 1200 to 1500 tons 
per year 

Barite. (Ba SO,) occurs as veins at several 
places in the Cuddapah basin of Andhra and in 
the Alwar district of Rajasthan The rcserws are 
considerable, though the exact amount is not 
known. The annual output is around 20,000 
tons, which is consumed by the paint industry 
and in oil well drilling 

Clays A large variety of clays of different 
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giades occui extensively in India Kaolin (China 
clay) IS woiked in the Rajmahal aiea and in the 
gianite belt of Bihar and Kerala Refractoiy 
clays arc worked in the coal-helds of Bengal 
and Biliai, and also in Mysore and Madras The 
shales in the Cuddapah basin and at other places 
have yet to be tested systematically. Brick and 
tile clays aie extensively woiked fiom river 
deposits 111 the scvcial nver valleys and deltas, 
and from many aicas with thick soil cover 
Bentonite and bleaching clays are exploited in 
several aicas m Rajasthan, Gujarat, Mysore and 
Bihar. Some 20,000 tons of bleaching clays and 
perhaps nearly a million tons of othei clays arc 
produced annually in India 

Gemstones Though celebrated as a producer 
of diamonds for many centuries, India produces 
at present only a few hundred carats ot gems 
and industrial diamonds, mainly from Panna in 
Bundelkliand Wajia Kaiur in Anantapur 
district (Andhia) occasionally yields a few 
stones Small quantities of sapphire are got from 
Kashmir, and of aquainaiinc tiom the pegmatite 
deposits of Rajasthan, Bihar and Nelloie. A few 
thousand carats of emerald aie got from 
Udaipur and Ajmer m Rajasthan Garnet rs got 
from seveial areas but there is no regular pro¬ 
duction The Deccan Trap yields huge quan¬ 
tities of clear quartz and several vaiieties of 
chalcedony (agate, caruelian, jasper, chryso- 
piase, moss-agate, etc.), the centres of tiade 
being mainly in Gujarat Other gemstones aie 
rare or absent. 

Giaphite. Graphite of good quality for 
making crucibles is woiked in several areas in 
the Eastern Ghats, in Bolangir-Patna in Orissa, 
in the Visakhapatnam-Godavau districts of 
Andhra, and m Travancoie. Smaller deposits 
and graphitic schists occur elsewhere also. 
About 300 tons aie produced in the country 
each year. 

Gypsum Deposits of gypsum occur in the 
Vindhyaii Strata in Jodhpui and neighbouring 
areas, in the sub-ieccnt sands of Bikaner, in the 
cretaceous strata m Tiichinopoly (Madias), and 
111 recent maiinc silts in Kutch, Kathiawar and 
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Andhia Theic are also some good deposits m 
Kashmii and Gaihwal The annual production 
IS about 1 million tons, most of which is used 
for the manufactuie of ammonium sulphate 
ferlilizei at Sindn Some quantity is also used 
foi gimding with Portland cement, to which it 
is added to the extent of about 4 per cent The 
total reserves are of the order of 750 million 
tons. 

Limestone and Dolomite These aic used as 
flux m smelting iron Limestone is used foi 
making cement and lime, large quantities are 
also employed as building stones 

Limestone and dolomite occui m all the States 
of India and in most of the geological forma¬ 
tions. The total reseives are very large, running 
into several thousand million tons The lecoided 
output ot limestone is about 18 million tons and 
of dolomite over 1 million tons, but probably 
much more is actually used as theie are no 
strictly reliable records of the amounts quarried 
locally in villages 

Mica. Both muscovite and phlogopite are ex¬ 
ploited m India. The bulk of the muscovite 
deposits are in the mica belts of Rajasthan, 
Bihar and Andhra, but several deposits also 
occur outside these aieas Phlogopite (or scmi- 
phlogopite) occuis in Oiissa and Keiala. The 
annual production of muscovite is of the order 
of 25,000 tons in the crude form, including 
‘scrap’ which is also exported India is one of 
the most important producers of block mica in 
the world. 

Pyiite India has no uselul deposits of natural 
sulphur Present-day maiine silts on the coast 
near Masulipatam (Andhia) contain small quan¬ 
tities of sulphur, produced by bacterial action 
on sea watei. This occurrence is only of theore¬ 
tical interest 

Pyiite occurs as sporadic veins m the Pie- 
cambiian gneisses and schists A good deposit, 
containing over 1 million tons of pyiite, occuis 
near Chitaldrug in Mysore state Another good 
deposit occurs as a sedimentaiy bed m the Lower 
Vindhya formations near Delin-oii-Sone in 
Bihar The oiitciops of the bed are seen m the 
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scarps of the hills at a few places and the bed 
appaienlly extends over an aiea of several tens 
ol squaie kilometres. Dulling in the area is said 
to have pioved the existence of a few million 
tons of pyrite containing 40 to 45 per cent 
sulphur The deposits aie being opened up. 

There is also the possibility of recovering the 
sulphiu in the gases of the copper smelter in 
Singhbhum, and from the projected zinc smelter 
which will use the Rajasthan zinc ores 
Phosphates. Lenses of apatite-magnetite lock 
occur m the Singhbhum copper belt They occui 
in a senes of masses over a distance of some 
60 km, the individual masses being up to 300 m 
long and 20 m thick. The material can be con¬ 
centrated by the elcctiomagnetic sepaiatoi, after 
crushing it to proper size. This belt probably 
contains about 0 75 million tons within a depth 
of 30 m 

Small lenses of apatite occur in the gneisses 
and khondalilcs of the Eastern Ghats neai 
Vizianagram (Andhra) The reserves are only 
a few thousand tons 

Nodules of a mixture of line-gramed calcium 
phosphate, calcium carbonate and clay occui m 
an area of several square kilometies in the 
Uttattur strata (cictaceous) in the Trichinopoly 
district of Madias. Owing to the fine-grained 
nature of the ingredients, the phosphate is 
difficult to separate economically The reserves 
of the phosphatic nodules in the area aie of the 
Older of 3.5 million tons, if they continue to 
occur down to a depth of 30 m 
Sillimanite and Kyanite These two minerals 
are aluminium silicates (AljO^ SiO^) and are 
used as high grade refractories in glass furnaces 
and for heat insulation to at least 1600°C Very 
good deposits of massive sillimanite, sometimes 
in association with corundum or with quartz, 
occur m the Khasi hills on the Assam plateau. 
Some other deposits occur in Rewa. The total 
reserves of sillimanite in both these are of the 
order of 0 35 million tons within a depth of 
10 m, there is a possibility of downward 
extension. 

Excellent kyanite deposits occur in Singh¬ 


bhum, parallel to the copper belt, in the schistose 
locks These are estimated to contain 1 million 
tons within a depth of 6 in, and are likely to 
extend further down. Some smaller deposits 
occui in the Nelloie district (Andhra) and 
Hassati disliict (Mysore) The present annual 
pioduction is 15,000 tons of sillimanite and 
20,000 tons of kyanite 

Salt The only rock salt deposits in India occur 
in the Eocene stiata in Himachal Piadesh They 
are woiked by underground methods and the 
annual production is only 3000 tons Salt is re¬ 
covered from the Sarabhar lake m Rajasthan 
to the extent of half a million tons per year. 

Salt is also made by the evaporation of sea 
water in salt pans along the coast in many areas, 
the total production being a little over 4 million 
tons This shows that the per capita consump¬ 
tion of salt in India is only about 10 kg as 
against 50 kg in the western countries, this 
gives a measure of the comparative industrial 
advancement. 

Steatite. Steatite, or talc, occurs in neaily pure 
masses and also as a schistose material with im- 
puiities. The latter is used lor making cooking 
pots, bowls, statuettes and other objects The 
pure massive material is used as an insulator 
of heat and electricity in the electrical and radio 
industries Good quality steatite is finely ground 
and used in talcum powder and in other cosme¬ 
tics, as an adulterant m soap, and for other 
purposes 

Good deposits occur in Jaipur and Udaipur 
in Rajasthan, near Jabalpur in Madhya 
Piadesh; and in Mysore, Andhra and Madras. 
The annual output is of the order of 20,000 to 
25,000 tons An appreciable quantity of talc- 
schist IS quarried and used in the villages foi 
local purposes 

Some organic substances aie also commonly 
included under the term ‘minerals’ These are 
coal, petroleum and natural gas—all compounds 
of C, H, N and O, usually referred to as hydro¬ 
carbons They are used as fuels for heating and 
for generation of power, and as raw mateiials 
for some chemical industries 
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Coal 

Coal is a natural hydrocarbon occuinng 
amidst sedimentary locks as beds which general¬ 
ly have uniform thickness unless they are folded 
or distuibed The beds may be honzontal or 
inclined They vary in thickness from mere 
streaks to scams over 30 metres thick, eg, the 
Bokaro coal-field in Bihar and Singrauh in 
Madhya Pradesh. 

Coal has been foimed from the accumulation 
vegetation in former ages, such as the Carboni¬ 
ferous, Permian and Tcitiaiy The vegetation 
accumulated to great thickness in swamps and 
lakes by the slow sinking of the bottom, which 
kept pace with the accumulation, followed by 
a slow lifting up 

The vegetable material was transformed, 
under anaeiobic conditions, by chemical changes 
aided by bacterial action, it changed progres¬ 
sively to peat, lignite and coal The pressure of 
the layers on top helped to inciease the carbon 
content and decrease the volatile and moisture 
content of the coaly material. Anthracite has 
been formed only in areas where the strata have 
suffered much pressure through earth move¬ 
ments 

Coal seams show varying degrees of purity, 
as they arc contaminated by clay and sand de¬ 
posited at the same time They may change in 
composition when followed along the strike or 
dip directions Under the microscope, coal may 
show various constituents of the original vege¬ 
tation, like woody tissue, baik, spores (seeds) and 
also colloids of complex hydrocarbons. 

Composition of Coal Coal is analysed to 
show either the ‘proximate’ or the ‘ultimate’ 
composition The proximate analysis shows the 
moisture, volatile matter, fixed carbon and ash 
(mineral matter in the coal) and, sometimes, 
sulphur and phosphorus The calorific value is 
the amount of heat (calories) evolved during 
the combustion of 1 kg of coal The ultimate 
analysis shows the composition of coal in terms 
of carbon, hydrogen, oxygen and nitrogen. For 
comparing the analyses, the values are given 
on an ash-free and moisture-free basis. 


TABLE 4 3 

Averagf ‘PROXiM\Tr,’ Analysts of Coals 



Moistmc 

Volatiles 
[pc! cent) 

Fhcd 

C 

Ash 

Lignite 

34 55 

35 34 

22 91 

7 20 

Siib-bitummous 

24 28 

27 63 

44 84 

3 25 

Bituminous 

3 24 

27 13 

62 52 

7 11 

Semi-anthracite 

3 38 

8 47 

76 65 

11 50 

Antbiacite 

2 80 

1 16 

88 21 

7 83 


TABLE 4.4 

Average 'Ultimate' Analysis of Solid Fuels 


C 

H N 0 

(per cent) 

Caloiies 
per kg 

Wood 

49 65 

6 23 

0 92 

43.20 

— 

Peat 

55.44 

6 28 

1 72 

36.56 

— 

Lignite 

72 95 

5 24 

1 31 

20 50 

4600-6000 

Bituminous 

84 24 

5.55 

1 52 

8 69 

7700-8600 

Semi-anthracitc 

91 47 

4 25 

1.64 

2 64 

8300-8800 

Antbiacite 

93 50 

2.81 

0 97 

2.72 

8000-8500 


Coal-beds occur in many parts of the world, 
the major producers being the U S A., U.S S R , 
U.K, Germany, France, Poland, China, South 
Africa, India, and some other countries. The 
world production of coal is about 1600 million 
tonnes per year. 

In India, coal is found in beds of two different 
geological ages. The most important seams 
occur in the lower Gondwana Strata of the 
Permian Age The other group, which contains 
much lignite, is of Tertiary age Gondwana coal 
occurs along three major faulted basins in 
north-eastern India: along the Damodar and 
Sone Valleys in Bengal, Bihar and Madhya 
Pradesh, along the Mahanadi valley; and along 
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the Godtivau Valley The Teituiiy coal-seams 
are found on the Assam Plateau and in upper 
Assam; along the foothills of the eastern 
Himalayas and in the Jammu piovince of 
Kashmii, in the Bikanci district of Rajasthan, 
m Kutch and parts of Gujaiat; and in the 
coastal belt of Madras and Kerala 

India’s total resources in coal are appioxi- 
mately 80,000 million tonnes of Gondwana 
coal and 10,000 million tonnes of Tertiary coal 
The piesent jiioduction is about 65 to 70 
million tonnes per yeai, most of it is Gondwana 
coal 

Petroleum 

Petroleum is a complex mixtiiic of liquid 
hydrocarbons belonging to seveial hydrocarbon 
series The paraffin, haphthene and benzene 
series make up the bulk of these Some sulphur 
compounds aie always piesent 

Ongin of Pep oleum. Both inorganic and 
organic soiiices have been suggested for the 
origin of petroleum Beillielot, in 1866, suggest¬ 
ed that hydrocarbons may be formed by the 
action of water on the calcium carbide inside 
the crust Meiideleeff, in 1877, suggested that 
they may result fioiri the action of hot watei or 
dilute acid on carbides of iron and manganese. 
Though this theory had great support till the 
beginning of the present century, and its 
supporters included several great French 
chemists, it is now abandoned. 

Research conducted during the last three 
decades by many petroleum chemists and 
geologists has indicated that marine sediments 
are the most likely source of petroleum The 
organic matter is broken down and built into 
various hydrocarbons with the aid of bacteria 
Certain compounds in petroleum, especially 
those with intermediate boiling points (250° 
to 300°C), possess the power of rotating the 
plane of polarization of light. This character¬ 
istic, which is seen in several organic substances 
but only in two minerals (quartz and cin¬ 
nabar), gives support to the theory of the organic 
origin of petroleum. 


Petioleiini generally migrates fioiii its mother 
rock into a suitable reservoir lock like porous 
sandstone or limestone Being lighter than 
water it acciiinulatcs above the Liyei of water 
in the strata and is accompanied by gas Much 
gas IS also dissolved in the petioleum as it is 
under great picssuic at depth 
Oil pools aie found in stiata folded into anti¬ 
clines and domes and in otliei suitable locations 
(tiaps) like sealed faults and at the junction of 
strata where porous rocks thin out between non- 
porous rocks Oil reservoirs have non-poious 
clay strata above and below, to keep the 
petioleum from dissipation 
Piospeciitig foi Oil Oil finding is a specia¬ 
lized job rcquiiing the woik of geologists and 
geophysicists who deduce the types of suitable 
stiuctures which may exist undergiound Gravi¬ 
tational, magnetic and seismic investigations 
give data which aie interpreted to get a clue to 
the stiuctiiies Many structures, though they 
may appear suitable, do not contain petioleum 
becau'e there may have been no suitable 
mothei rock to produce the petroleum Even in 
the case of a stiucture producing petroleum, 
only a part of it may be productive Petroleum 
IS obtained by drilling, which is expensive and 
employs veiy specialized techniques. 

Tlieie are usually several petroliferous zones 
m the reservoir rocks When the boi e-hole 
reaches the oil-bearing horizon, the petroleum 
may shoot up violently if there is high gas 
pressure. In other cases, there may be no 
‘gushers’, and the oil has to be pumped up to 
the surface When the pioduction from a well 
goes down, special methods are employed, 
like re-pressuriiig of the strata by gas or partial 
flooding, to induce the oil to come out 
Petroleum (crude oil) is a thick, dark, viscous 
liquid. Its colour is dark green, greenish brown, 
or even black Its density is between 0 8 to a 
little less than 10 It generally smells of kero¬ 
sene Its viscosity may vary, depending on its 
composition Oil which is rich in waxy or 
asphaltic material is more viscous than the oil 
containing more volatile compounds. 
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Whot is meant by the 'ciackin,q’ of pet) oleum? 

As petroleum is a complex mixture, it is 
bioken up into various fractions by distillation 
at different temperatures It is also treated by a 
process called ‘cracking’, in which a catalyzer 
is used and the larger molecules arc cracked or 
broken up into smallet and simpler molecules 
The various fractions obtained from crude oil 
are • gas, aviation and ordinary petiol, benzol, 
kerosene, diesel oil, lubricating oil, paraffin 
wax, and asphalt Different oils contain different 
proportions of these fractions The proportions 
can be slightly altered during distillation or 
Clacking. 

The heavy final fraction (asphaltic) is 
the raw material for the petrochemical indus¬ 
tries Many kinds of chemicals are made 
from it by various specialized process The 
substances produced include dyes, perfumes 
antiseptics, explosives, drugs and other 
chemicals. \ 

As early as the seventeenth century, petro¬ 
leum was laised from hand-dug wells in a few 
places (e g , U S S R and Rumania) and used 
tor medicinal puiposcs. Asphalt was used foi 


making ships leak-proof and waterproof Oidi- 
nary hand-dug wells have been operated in 
Burma even up to 1930 The first oil well was 
drilled in Pennsylvania (USA) in 1858. it is 
known as the Drake well By the beginning of 
the present century, petroleum had become a 
big industry. 

Geology and geophysics have been promi¬ 
nently used in oil finding, especially after 
World War I. 

Many countries now produce petioleum and 
va.st sums aie spent for discovering new sources 
The chief producers are the USA, the 
USSR, Venzuela, Kuwait, Saudi Arabia, 
Iran, Iraq, Algeria, Libya, Indonesia, Rumania, 
Mexico, Argentina, Columbia, Egypt, Tiimdad, 
and several other countries The total world 
production is over 1300 million tonnes per yeai 
India’s production is only 2 million tonnes, but 
it is gradually rising The world reserves of 
petroleum are around 45,000 million tons, of 
which more than half aie in the Middle East, 
and of the remainder, the major pait are 
in the USSR, USA, and the Cariibean 
region. 



Chapter 5 


Useful Materials 


I. Metals and alloys 

Our present civilization is largely based upon 
the use of a few metals. We make wide use of 
metals such as iron, aluminium, copper, zinc 
and tungsten in our daily life, these are used 
m homes and in factones and for industrial 
and civic purposes. All these metals are ex¬ 
tracted from the mineials found in various 
rocks in the lithosphere There is a constant 
demand for vanous metals m tool making, 
engineering, transport, production of atomic 
energy, etc. Metals can be combined with each 
other to form alloys Alloys are, m many cases, 
superior to the pure metals or are more useful 
for specific uses. For example, we can combine 
strength with lightness in aluminium alloys, or 
can obtain material which can resist corrosion 
and withstand high temperatures by using 
tungsten alloys. 

Metals have played an important role in the 
lives of the people since ancient limes. Copper 
was the first metal to be used by man, since it 
was easily obtained Later on, people noticed 
that the hardness of copper increased greatly 
when a small amount of tin was added to it 
The material, which was made by adding tin 
to copper, came to be known as bronze. The 
age of bronze can be traced back by about 
5000 years. Free copper was known to ancient 
India. The people of Mohenjodaro and other 
contemporary towns knew about the uses of 
copper as well as bronze 

About 3500 years ago the Hittites of West 


Asia started to use iron They succeeded m 
foiging weapons from iron. These weapons 
were supeiior to those made from bronze Iron 
weapons were largely lesponsible for the 
victory of the Hittites over the Egyptian Empire 
in 1400 B C 

A number of metals were known to the 
ancient Egyptians, Indians, Greeks and 
Romans Among these were gold, silver, 
mercury, copper and tin. Subsequently, iron 
and lead were also widely known Since these 
metals, except for gold, ocemred usually in the 
form of ore, the skill rcquiied to extract metals 
and to convert them into a useful form was a 
specialized art in the ancient times Only 
selected ciaflsmen knew it well. They devoted 
all their time to metal working, and carefully 
guarded the secrets of their art These crafts¬ 
men, who today would be called metallurgists, 
were the chosen specialists of ancient civili¬ 
zations 

Later, perhaps about 1500 years ago, metal 
working drew the interest of a class of people 
who were known as alchemists Their ambition 
was to change ordinary metals (called by them 
base metals) into gold. These people speculated 
on the relationships between metals and the 
heavenly bodies They did not succeed in their 
aim of making gold Yet their many experi¬ 
ments led to the discovery of several other 
metals, such as zinc, arsenic, antimony and 
bismuth. They developed laboratory techniques 
such as distillation and, in a way, contributed 
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a great deal to the later science of metallurgy 
It was only in the eighteenth century that 
modem metalluigy began, helped by the ad¬ 
vances in chemistry Metallurgy could be 
understood iii terms of chemical reactions. The 
dilTerent stages in the formation of metals, such 
as icduction and purification, were put on 
scientific lines as their chemistiy became clear 
Great progress was made in metallurgy during 
the last part of the nineteenth century and the 
beginning of the twentieth century The struc¬ 
tures ot metals were examined by microscopes 
and X-rays. Metals weie heated and alloyed to 
get useful physical and chemical properties In 
this development, physicists, chemists, metal- 
luigists and engineers have all played important 
loles. 

Metal working was known as an art in 
ancient India. The best example of this art can 
be found in the great iron pillars made during 
the reign of Asoka, these are examples of fine 
workmanship These pillars have not been 
allected by atmospheric corrosion even after 
two thousand years of weathering The tradi¬ 
tion of metal woiking continues m oui country, 
m the brass work of Varanasi and m the silver 
and gold wire woik, known as filigree work, of 
Orissa and Rajasthan 

Nearly 60 of the 90 elements occurring in 
nature aie metals The rest are eithei non- 
metals or have properties intermediate between 
those of metals and non-metals Elements 
which do not possess the properties of metals 
aie called non-metals But this division of 
metals and non-metals is not very sharp There 
IS no one property of metals which is not 
shared by any non-metal. On the other hand, 
many metals have some of the properties of 
non-metals The naming of a particular mateiial 
as a metal or non-metal has some historical 
background If we want to understand metals, 
we must scrutinize their properties more care¬ 
fully. We must understand the crystalline and 
atomic structures of metals. All metals, except 
mercury, arc solid at normal temperatures 
Their atoms are arranged in an orderly manner. 


Roughly, we can imagine the atoms as spheres 
which arc closely packed in the solid metal 
This closely packed arrangement has been 
described in the chapter on Matter and Energy. 

The atoms of an element are made up posi¬ 
tively and negatively charged particles The 
positively charged particles form the central 
core of an atom, while the negatively charged 
particles are elections moving around the 
nucleus. In metals, some electrons in the atoms 
are easily detached. These detached electrons 
move about freely in the metal This means that 
they do not belong precisely to any particular 
atom and can move easily from one atom to 
another This property of electron delocaliza¬ 
tion IS responsible foi many of the typical pro¬ 
perties of metals, such as their ability to 
conduct electricity easily 

Metals generally melt and boil at higher 
temperatures, as compared to non-metals They 
usually possess a lustre and arc good conductors 
of heat and electricity. Another interesting 
property of metals is known as plastic defor¬ 
mity When we apply force to a metal, it can 
be deformed permanently to a greater oi lesser 
degree. Thus, metals can be obtained in desned 
shapes by using high pressiiies If we apply a 
potential difference between two points of a 
metal, an electric current flows between these 
two points The delocalized elections can move 
easily under the force of electric potential This 
movement of electrons is the flow of electric 
current. Generally, metals which aie good con¬ 
ductors of electricity are also good conductors 
of heat. This is so because the electrons that 
caiTy current easily by virtue of their mobility, 
also carry the energy of their motion from one 
part of a metal to another as easily. 

Although about sixty metals are known, only 
a few of them are commonly used. Iron is still 
the most useful metal. But some other metals 
are also cormng into common use m our daily 
life, amongst these aluminium may be e.special- 
ly mentioned Copper, lead, tin, zinc, magne¬ 
sium, nickel, chiomium, tungsten and titanium 
are some of the other metals now m common 
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use New uses of metals are being discovered 
daily. The requirements ot modern technology 
are increasing very fast and man is trying to 
And metals, and their combinations (alloys), with 
specific properties Piogiess m modem techno¬ 
logy depends heavily on the skill of the metal- 
luigist The metallurgist has to provide ‘tailor 
made’ metals lequiied lor lockets, aeroplanes, 
automobiles, satellites, and other pioducls. 

Metallurgy 

Veiy few metals are found free in nature 
Only small quantities of gold, silver, platinum 
and, possibly, coppei have been found m the 
free state All the other metals, including coppei 
and silvei, occur in the combined toim Most 
metals arc found in combination with oxygen 
01 sulphm, and are known as ores when they 
occur m the earth’s crust. Ores aic also dis¬ 
cussed in the chapter on Minerals 

The process of getting pure metal from the 
ore IS often complicated For every metal, 
there has to be a special method of treatment 
which is known as its extraction and metallurgy. 
Metallurgy is even now partly a science and 
partly an ait There arc no set rules applicable 
in the case ol all metals The techniques are 
developed by trial and error Some ores produce 
metal easily while others have to pass through 
a number of eompheated stages before the pure 
metal can be obtained Ores are rarely found 
pure in nature Very often, they are mixed with 
sand, giavel, clay, limestone and other stones 
When these earthy materials are present in 
large amounts, the ore caimot be used directly 
for metallurgy. It has first to be concentrated 
There is no set process for concentration of 
ores Many chemical and physieal methods are 
used for the purposes of concentration. A widely 
used method is the ‘flotation process’. In this 
pioeess, oie is first crushed and then agitated in 
water containing some frothing agent such as 
oil or soap Due to agitation, the metal-contain- 
ing particles use with the froth, while the earthy 
matter sinks to the bottom. The froth is skim¬ 
med off and dried, giving purified ores. The 


oxide ores are reduced with the help of a 
reducing agent sueh as carbon or hydrogen 
The piocess can be a simple one-step leduction 
to metal, or it can involve a number of steps. 
On the other hand, sulphide ores are generally 
first converted into metal oxides This process 
IS called ‘loasting’ The metal oxide produced 
by roasting is then reduced to metal by some 
leducing agent The sulphur dioxide produced 
by loasting the sulphide ores is a useful by¬ 
product and IS used to produce sulphuric acid 
or fertilizers, or both. Sulphuric acid is needed 
in many industries The metalluigist has to 
understand the chemical reaction very well if 
he wishes to obtain a high yield of metal We 
know that all reactions are reversible, this 
means that they can take place in both direc¬ 
tions For any leaction, there is always a 
chemical equilibrium under a certain set of 
conditions Let us consider the case of the 
combination of a metal with oxygen: 

M (metal) -I- nO ;=^ MO,i 

This reaction has been shown as taking place 
in both directions The two ariows indicate that 
there is equilibrium between the reaction taking 
place in one direction and the reaction taking 
place in the opposite direction Thus, at equili¬ 
brium there will be a definite ratio between the 
quantities of metal, oxygen and oxide A good 
undeistanding of this equilibrium enables the 
metallurgist to create conditions in which the 
reaction from right to left becomes more im¬ 
portant, which means that the oxide breaks up 
into metal These conditions depend upon the 
attraction of the metal for oxygen or sulphur, 
the tendency ol the oxide to decompose and 
the choice of an agent which may have greater 
attraction for oxygen than that of the metal. 
Many useful calculations m this direction have 
been made by chemical engineers, physical 
chemists and metallurgists. 

lion Iron ore generally consists of non 
oxide, Fe^Oj and Fe|Oi In the extraction of 
iron, the oxide is mixed with carbon and 
heated to a high temperature in a furnace 
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2 Fe20, + 3C = 4Fe + 300^ 

Iron oxide + carbon = 11011 +carbon dioxide 
The carbon combines with the oxygen of the 
ore and thus releases the iron metal The 
process is known as ‘reduction of the ore’. In 
the actual process, a mixture of ore, coke and 
limestone is dropped from the top while hot 
ail IS blown through nozzles in the lower part 
of the furnace. Due to the blowing of air, the 
coke attains a high temperature during burn¬ 
ing, and molten iron is formed The iron melt 
is heavier than the mixture and so accumulates 
at the bottom The purpose of adding limestone 
IS to remove the earthy matter present in the 



ore. The limestone reacts with the eaithy matter 
at that high temperature and forms a slag The 
slag is light and so floats over the iron, from 
which it can be easily removed Although the 
slag is an unwanted material during the mctal- 
17 


lurgical process, it has now found several uses 
The slag is employed m making cement, and 
also for making fertilizers India has extensive 
iron ores m many areas of Bihar, Orissa, 
Madhya Pradesh, Andhia Pradesh and West 
Bengal The steel factoiics are situated in Bihar. 
West Bengal, Madhya Pradesh and other areas. 

Coppei Copper is mainly found combined 
with sulphur. As with iron, the sulphide ore is 
mixed with coal and limestone and heated in 
the furnace under a blast of air The copper 
sulphide is first converted into oxide by the 
action of air. The oxide is then reduced to 
coppei in the piescnce of coke. The metal ob¬ 
tained by this process is not pure However, 
pure copper is needed m many industries The 
modern process for purification of copper is 
based on the use of electricity In this process 



Fig. 5 2 Elecliolytic lepning of copper 


two plates of copper are taken. One plate is 
the impure copper obtained by reduction and 
the other plate is pure copper. These two 
plates are dipped in a solution of a copper 
salt An electric current is passed in the 
solution through these two plates The plate 
of impure copper starts dissolving when the 
current is passed, and the dissolved copper re- 
deposits on the pure copper plate The impuie 
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copper contains small amounts of some costly 
metals, such as gold. During the process of puri¬ 
fication, these impuiitics settle at the bottom of 
the vessel, from where they aie extracted 
These arc useful by-products obtained during 
the metallurgy of copper 
In India, copper mines arc found m Ghatshila 
(Bihar), where copper is extracted in a plant 
Copper has a number of uses Witti the ex¬ 
ception of silver. It is the best conductor of 
electricity, and so is widely used in making 
electric wires Another interesting use of copper 
IS in offset printing where it is used for making 
a very large number of impressions The usual 
type metal is soft and so wears down on pant¬ 
ing a large number of copies of any matter In 
offset printing, a wax mould of the type is 
first made This mould is carefully dusted with 
a thin coating of powdered giaphite, which is 
a conductor of electricity. The graphite-covered 
mould is dipped m a bath of a copper salt 
containing a copper electrode As the electric 
current passes, the copper dissolves from the 
plate and gets deposited on the mould Thus a 
copper mould of the type-matter is prepared 
The wax is then melted and the plate that has 
been prepared is supported by fillings of lead 
so that it does not break during the process of 
printing 

Aluminium Aluminium oxide is the main 
ore of aluminium and is known as bauxite 
Aluminium has a great affinity with oxygen 
Aluminium oxide cannot be reduced by carbon, 
as IS possible with iron and copper. Metallur¬ 
gists have employed the electrolytic method for 
removing oxygen from aluminium oxide This 
method is based upon the passage of electric 
current through a solution or melt of aluminium 
salt, similar to the principle used in purifying 
copper. Aluminium oxide is a solid and can¬ 
not melt easily. Its melting point is above 
2000 °C So the method used is to make a 
solution of aluminium oxide cryolite (sodium 
aluminium fluoride) Cryolite is a convenient 
salt of aluminium since it is obtained in nature 
as a mineral, which melts at about 1000°C and 


woltem alumina 
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dissolves aluminium oxide oi bauxite quite 
easily For obtaining aluminium, electric 
cuirent is passed through a solution of bauxite 
in molten cryolite by carbon electrodes dipped 
in this solution Large currents (8000-40.000 
amperes) are passed at low voltage This 
cuiient selves two purposes It produces heat 
and keeps the mass molten, it breaks aluminium 
oxide into aluminium and oxygen Free alu¬ 
minium is heavier than the solution and there- 
foie settles at the bottom, from where it is 
lemoved fiom time to time 

Special Metalhu gies 

All metals aie not obtained by the methods 
described above The extraction of some metals 
involves special treatment For example, nickel 
IS found in ores, along with other costly metals 
like platinum To separate nickel from other 
substances, advantage is taken of a special 
piopeity of this metal Nickel can combine with 
carbon monoxide, an extremely poisonous gas 
The combined product is known as nickel 
carbonyl Ni(CO)j, which is a gas at room tem¬ 
perature This gas can be collected easily On 
furthei heating, it decomposes and gives pure 
nickel This metal has a shining appearance and 
IS commonly used as plating on other base 
metals This nickel plating gives a very nice 
finish to the metal and is therefore used for 
decorative purposes. Nickel resists oxidation 
and corrosion, and nickel plating serves as a 
protective coating on many metals. 
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Tungsten metal, again, is prepaied by ieduc¬ 
tion with hydiogcn gas The most common ore 
of tungsten is known as woltramitc The tung¬ 
sten metal in this oie exists in the form of a 
black oxide The ore is heated with soda and 
then hydiochloric acid is added Thus, fice 
tungstic acid is obtained, this can be easily 
separated from other impuiitics The solid 
tungstic acid is heated and a stieam of hydiogen 
IS passed over it By the action of hydrogen on 
the acid at a high tempcratuie, tungsten metal 
is obtained as fine powder Metals m the powder 
form do not have many uses, they are generally 
needed in the foim of big blocks or wires Foi 
example, tungsten wires aie used as filaments m 
elcctiic bulbs and radio valves. One method of 
changing powdered metal into large blocks can 
be to heat the powdered metal till U melts into 
one mass, which may be cooled subsequently. 
The trouble with tungsten is that it has a veiy 
high melting point Tt is, therefore, difficult and 
very costly to adopt this method Howcvci, 
metallurgists have found a more convenient way 
to convert tungsten powder into a homogeneous 
mass In this method, the powder is compressed 
to a very high pressure This compiessed powder 
IS then heated to a moderately high tempera¬ 
ture, this changes the compressed powder into 
a block of metal at a much lower temperatuie 
than the melting point of tungsten This method 
is known as ‘powder metallurgy’. 


Another metal which is finding intieasingly 
gieatei use is magncsuim Magnesium is present 
111 sea water in large amounts, and is extiacted 
from it Large volumes of sea water are tieatcd 
with lime This precipitates magnesium hydi- 
oxide, Mg(OH),, which is insoluble. The pieci- 
pitated magnesium hydioxide, sepaiated and 
dissolved in hydiochloric acid, produces magne¬ 
sium chloride (MgCL) The iiiagiiesiiun chloride 
IS melted and an electric cuirent is passed 
through It to electrolyse it so as to produce 
magnesium and chlorine Magnesium is a 
light, silveiy white metal which floats on the 
top and IS taken olT Tlic chloiine is converted 
back to hydiochloric acid and used again 
Magnesium is a light metal which fotms alloys 
with aluminium and copper. These alloys are 
finding use in the manufacture of aeroplanes, 
balances and other industrial products where 
light metals or alloys aic needed 

Alloys We have already seen that on adding 
small amounts of tin to copper its propeities 
change to a great extent The resulting material 
is known as bronze. Bronze is an alloy Metals 
have the ability to mix with one another to 
form alloys. Alloys generally have metallic pro¬ 
peities and are made by mixing or combininig 
two or more elements, at least one of which 
should be a metal Some common alloys aie 
descubed below 


Brass 

70% copper 

30% zme 

Bronze 

90% copper 

10 % till 

Solder 

50% lead 

50% tin 

Steel 

99.8% iron 

0 2% carbon 

Stainless steel 

74% iron 

18% chromium. 


8 % nickel 
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Steel In modern times, steel is the most 
commonly used alloy Many kinds of steel aie 
made for special purposes Steel is made from 
cast non There are two mam methods of 
making steel The older method is known as 
the ‘Bessemei Piocess’, it was fiist introduced 
by a British metallurgist, Henry Bessemer, in 
the yeai 1856 He proposed that steel could be 
made from pig iron, which is the name of the 
non obtained from the blast furnace. This non 
contains large amounts of carbon and has poor 
mechanical strength. The main part, called the 
Bessemer converter (shown m Figure 5 4), is a 
container for molten pig iron The converter or 



CAST IRON 

Fig 5 4 Bessemei converter 

furnace can be tilted to take in or pour out a 
charge of molten pig iron Air is blown through 
holes at the bottom of the conveiter, at high 
pressure, through the charge of molten pig iron 
in the converter. Due to the high temperature 
and the presence of oxygen of the air, the carbon 
m the pig iron is removed as carbon monoxide 
and other impurities float at the top in the form 
of a slag The chemical reaction causes the tem¬ 
perature to rise to about 1600°C. During the 
final stage, a white tongue of flame comes out 
of the mouth of the converter with a roaring 


noise, the flame may be as high as 10 mctics 
In a few minutes the carbon is mostly gone and 
the flame contracts This is the signal to stop the 
blast The Bessemer piocess has been fuithcr 
improved so as to remove the phosphorous 
which IS veiy often an impurity m iron oies In 
1952, a modification was tried in Austria, in 
which oxygen, instead of air, was blown into 
the converter from the top, through a tube This 
gave a much better yield of steel This process 
is now known as the ‘Basic Oxygen Process’ and 
is being gradually adopted at many places in 
Europe and America. The new steel plant at 
Rourkela, in Orissa, uses the basic oxygen 
process 

The second major process for making steel is 
the ‘Basic Open Hearth Process’. This process 
was invented by Charles Siemens The open 
hearth furnace contains a large, shallow, steel 
basin, about 50 ft long and 15 ft wide. In this 
basin, pig iron, scrap iion and some iron ore 
are placed and air is blown in at the top The 
process is slower than the Bessemer process but 
gives better steel. 



Fio 5 5 The open health furnace 


In India, there are at present five major steel 
producing centres: Jamshedpur (Bihar), Rour¬ 
kela (Orissa), Bhilai (Madhya Pradesh), Durga- 
pur, and Burnpur in Bengal Another large steel 
mill IS under construction at Bokaro in Bihar 
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It IS expected that veiy soon India will be pro¬ 
ducing 10 million tons of steel per year, 

Propel ties of Alloys 

The modem advances m atomic energy, in 
the rocket indiistiy and m transport have 
created unparalleled demands for new materials. 
This has led to the making of new alloys and 
metallic matciials, now required for specialized 
jobs. Alloys have been and are being made 
with the desired strength, density, hardness, 
stability, electrical and thermal conductivity and 
plasticity 

The properties of alloys aie generally inter¬ 
mediate between those of the parent materials 
This, however, is not always true Sometimes 
there are dramatic changes and great deviations 
Generally, alloys are harder and stronger than 
the pure metals For example, bronze is harder 
than copper The electrical resistance of an alloy 
is higher than that of the pure metal Thus, an 
alloy of nickel and chromium (nichrome) is used 
for making the heating wires in electric stoves 
and toasters The melting point of an alloy, 
too, can be different from that of either of the 
parent metals For example, solder alloy is made 
from lead and tin, but it has a lower melting 
point than that of either lead or tin Another 
interesting alloy is that of zirconium and zinc. 
Neither zirconium nor zinc show any magnetic 
property at any temperature Only iron and, to 
a lesser extent, cobalt, nickel, chromium and 
manganese have magnetic properties A magne¬ 
tic alloy normally should contain one or more 
of these metals. Yet it is now known that 
zirconium-zinc alloys show magnetic properties 
at low tcmpeiatures. Thus, a magnetic alloy has 
been made fiom non-magnetic substances 

Corrosion of Metals 

Metals often corrode in water. In sea water, 
corrosion is very rapid. Corrosion results in 
great waste of materials Similarly, rusting can 
be a cause of great loss of property. Corrosion 
can be better understood as an electro-chemical 
reaction between two different metals This re¬ 


action can produce a flow of electric current 
such as the one we get by the dry cell used in 
torches. In the process of corrosion, impurities 
on the metal surface form a series of cells 
through which electric current starts flowing 
The metal corrodes due to this flow of current, 
Corrosion can also take place in wires buried 
in earth, and in pipes and other similar fittings 
New alloys are now being made, which do not 
corrode or corrode very little from such action 

The properties of metals can also be changed 
by heat or heat treatment It is a common obser¬ 
vation that a metal becomes stronger as it is 
slightly deformed When wires are pulled 
successively they get deformed When wires are 
pulled successively through dies having slightly 
smaller cross-section, they become harder When 
a metal piece is stamped to form a com, it 
becomes much harder than the parent material. 
If such hardened metal is heated, it recovers 
its original properties This process is known as 
annealing 

II. Chemicals in agriculture 

A fertile soil is very necessary for good 
farming However, if a piece of land is culti¬ 
vated for long periods, even good soil can 
become poor. In many parts of the world the 
soils have become poor because of erosion and 
exhaustive farming To prevent this impoverish¬ 
ment of soil the materials which have been used 
up by constant cultivation have to be added 
These materials are known as fertilizers Since 
ancient times fertilizers have been added to the 
soil, in some form or the other, e g, excreta, 
manure, blood, fishes, bones, decomposed 
organic matter, etc Foi a long time people be¬ 
lieved that only organic materials are useful 
for the soil. Now we know that mineral ferti- 
hzeis, such as nitrates, phosphates and potas¬ 
sium salts are also very useful and serve the 
special nutritional purposes of the plants. 

The plants get carbon, hydrogen and oxygen 
from the atmosphere Certain other elements 
like nitrogen, phosphorus, potassium, calcium, 
magnesium and sulphur aie also essential for 
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the pioper growth of plants These elements get 
used up by plants and tiees and have to be 
added to the soil if its fertility is to be retained, 
but it should be noted that these elements, as 
such, cannot be utilized by the plants They 
should be added in the form of soluble com¬ 
pounds which may be taken up by the plants 
If the soil has been cultivated for a long time, 
these elements have to be added back. In the 
long run, it is a bad policy not to return the 
elements which are taken away from the soil 
by the plants in the process of their growth 

The farmyard and other organic manures aie 
rich in some of these elements These are, there¬ 
fore, beneficial to the soil But their supply is 
limited and, very often, they do not provide all 
the things needed for the pioper growth of 
plants It is, therefore, necessary to add some 
mmeial feitihzeis such as lime, superphosphates 
and nitrogenous materials. 

Ammonium sulphate, ammonium nitrate, 
potassium mtiatc and urea arc the chief ferti- 
lizcis containing nitiogen Nowadays atmos- 
pheiic nitrogen is used in the manufacture of 
these fertilizers on a large scale. The piocess of 
using nitrogen from the atmosphere to make 
useful compounds is known as ‘fixation of 
nitrogen’. Nitrogen can be fixed by many 
methods The most common is the Haber’s 
process In this piocess, nitrogen and hydrogen 
gases react to form ammonia 

N, 3Hj = 2NH| -I- energy 
A solid agent is necessary to make this re¬ 
action go. This mateiial is known as a catalytic 
agent oi a catalyst A catalytic agent like spongy 
platinum makes the leaction go faster; yet it 
does not directly take part in the reaction. In 
India the Haber process is used for making most 
of the nitrogen fertilizers In Sindri (Bihar), for 
example, ammonium sulphate is manufactured 
by using ammonia (produced by the Haber’s 
process), carbon monoxide and gypsum First, 
ammonia and carbon dioxide are produced, 
they react to foim ammonium caibonate 
Ammonium carbonate reacts with gypsum to 
form ammonium sulphate In Nangal (Punjab), 


a dilTeicnt piocess is used In this process, 
hydiogen is obtained by passing electric current 
through water, while nitrogen is obtained irom 
liquid ail. Both these react to form ammonia 
Some of the ammonia is changed into nitiic 
acid in the presence of oxygen and a catalyst 
The nitiic acid and the rest of ammonia combine 
to form ammonium nitrate Ammonium nitrate 
IS a useful fertilizer, but in its puic form it is 
slightly explosive To make it safe for handling, 
It is mixed with calcium carbonate The product 
IS known as nitrohme In India many fertilizer 
factoiics have recently been set up in Trombay, 
Kerala, Alwaye, etc Very soon, Diiigapur, 
Rourkcla and Gorakhpur will also be big ferti¬ 
lizer manufacturing centres These days ammo¬ 
nium nitrate and nitiohme are the leading 
nitrogen fertilizers of the world These are 
followed by ammonium sulphate, ammonium 
sulpho-mtiate, urea and anhydrous ammonia 
The usual raw materials for their manufacture 
are hydrocaibons, coal and electricity 

Some soil bacteria can also fix atmospheric 
nitrogen Thus they also help in increasing soil 
fertility. During electric discharges in the 
atmosphere, some nitrogen oxides are formed, 
which are caiiied to the soil through ram water, 
as nitrous and mtiic acids. These form soluble 
nitrates in the soil directly 

Phosphates 

Plants also need soluble phosphates tor then 
proper growth. Many rocks and animal bones 
are rich in phosphates, but these phosphates 
cannot be used as such, since they are not 
soluble However, they can be made soluble by 
chemical processes It sulphuric acid is added 
to animal bones or rock phosphates, they change 
into a mixture of soluble calcium phosphate 
and gypsum This mixture is known as super¬ 
phosphate of lime and is a useful fertilizer 
Nowadays improved methods of making phos¬ 
phates have been developed In one of these 
methods, lock phosphate is treated with nitric 
acid By this method, nitrophosphate is formed, 
which contains both nitrogen and phosphate 
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Similaily by adding phosphoiic acid to bones 
or rocks, tuple superphosphate is formed. This 
IS a more concentrated phosphorous feitilizer 
Ammonium phosphate is another useful ferti¬ 
lizer The basic slag is a waste pioduct of the 
steel industry But this has now been found to 
be rich in phosphorous and is being used as a 
feitilizer. A fertilizer plant is being built neai 
Kanpur which will use slag for manufactuiing 
supeiphosphates It will produce 60,000 tons of 
superphosphates per year 

Potassium fertilizers are also needed foi 
plants Potassium chloride is veiy often added 
as a fertilizer to the soil Potassium nitrate 
contains both potassium and nitrogen. 

Nowadays more and more fertilizers are being 
used, which contain more than one useful 
material Originally, such fertilizers were merely 
simple mixtures ot materials like superphos¬ 
phates, ammonium sulphate and potassium 
chloride. But now chemical mixtures are being 
used, which have the advantage of producing 
homogeneous pai tides containing nutrient mate¬ 
rials This helps to ensure the balanced latio of 
plant nutrients 

Ttace Elements 

Agricultural scientists have found that certain 
plants need certain specific elements in trees for 
their normal growth. In many cases the health 
of a plant, flower, vegetable or fruit depends 
on the presence of these ‘trace elements’ in the 
soil Among such elements are manganese, zinc, 
copper, cobalt and barium These elements 
somehow act like catalysts For example, manga¬ 
nese IS a catalyst in many reactions of enzymes. 
The presence of one part of boric acid per ten 
million parts of water stops many plant diseases 
Similaily, it has been found that zinc is a 
necessary element for citrus fruits. A deficiency 
of zinc causes diseases in citrus plants In some 
Australian soils, a small amount of copper has 
been found to be necessary for the proper 
growth of wheat. It was also noticed in Australia 
that if small amounts of copper salts are added 
to pasture land, it provides a good quality of 


glazing grass for sheep, which in turn yield a 
superioi quality of wool In some othei South 
Australian lands, it was demonstrated that by 
adding about 15 gm of molybdenum per acre, 
in the foim a soluble compound, useless land 
could be made fertile A large number of such 
experiments have been conducted on Australian 
soils. These have demonstiated the need of 
tiace elements for the proper growth of plants 
and tiees However, we do not yet know all the 
trace elements and their function in various 
kinds of plant life 

Sewage 

People consider sewage as a nuisance Many 
methods have been employed for its disposal 
In many large cities, sewage water is dumped 
m rivers This leads to watei pollution which 
IS harmful and even results in the loss of 
marine life Such disposal is also a danger to 
human life Open drains are a normal sight in 
most of the Indian cities and towns. 

It has been demonstrated that sewage can be 
put to better use By adding ccitain bacteria to 
the sewage water, it can be made to liberate 
methane, a useful fuel gas Treated sewage 
becomes a good fertilizer and can be usefully 
put 111 farm lands for improving plant 
yield At many places sewage is now being 
used in this manner. Certain large cities like 
Bombay have sewage treatment plants in 
operation. We need many more plants spiead 
out all over the countiy, in cities as well as the 
countryside 

Hydroponics 

The art of growing plants in a soiUess 
medium has been known for over a hundred 
years However, it has come into prominence 
only recently and is now known as hydroponics 
In hydiopomcs, plants arc grown in water con¬ 
taining dissolved nutrient materials Tomatoes, 
cucumbers, beans, etc, have been successfully 
grown by this method Although it is not 
possible to grow everything without sod, much 
can be learnt by experimenting in hydroponics. 
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Insecticides, Pesticides, Fungicides and 
Hetbicides 

Chemists have done a very useful service to 
the farmer by providing him with means of 
fighting the enemies of crops, such as insects, 
fungi and weeds. Insects and fungi attack the 
crops, while weeds consume the moisture and 
useful materials from the soil and thus starve 
the plants Till about 25 years ago, most in¬ 
secticides weie obtained fiom natural sources 
and consisted mainly of sulphur, copper, arsenic 
and fluoime compounds. During the last 20 
years, an impiessive number of compounds 
have been made to meet the attack of insect 
pests and fungi on plants Dichloro-diphenyl- 
trichloro-ethane, popularly known as DDT, is 
a well-known insecticide. 

This compound is a very potent and per¬ 
sistent insecticide, It can be used for destruction 
of insects such as mosquitoes, flies and ticks 
which carry germs of malaria, yellow fever, 
dysentry, plague, typhus, sleeping sickness, etc 
In 1943, during World War II, DDT was used 
ill Naples during an epidemic of typhus It 
successfully stopped the epidemic over the 
entire affected area Another powerful insecti¬ 
cide is Gammexane, which is benzyne hexa- 
chloride (C|iH.,ClJ. It can be used as a dusting 
powder or as a spray in solution Gammexane 
has been found to be effective against cock¬ 
roaches and locusts. Two new insecticides, 
known as Aldrin and Dieldriii, which 
aie now in common use, are very elTective 
against many insects, including mosquitoes and 
locusts 

There are some compounds containing phos¬ 
phorus, which if added to the soil, can be taken 
up by the plants. These enter the cell sap If 
any insect sucks the sap, these compounds enter 
the insect and poison it. Such insecticides have 
been successfully used in controlling the spread 
of many disease-carrying insects on cocoa 
plantations. 

In some cases, the seeds aie treated with a 
special chemical before being placed in the soil. 


These chemicals get into the sap-stieam of the 
plants Any insect sucking the sap is doomed 
to die 

Chemists have also succeeded in preparing 
substances which act as selective weed killers 
These destroy weeds and leave the crops or 
glass unaffected. Methoxane and 2,4-D (di- 
chloro phonoxy acetic acid) and 2,4,5-T (tn- 
chloro phonoxy acetic acid) aie vciy commonly 
used as selective weed killers 

Certain bismuth compounds act as fungicides 
against the diseases of potatoes and tobacco To 
poitect stored grains against the attack of insects 
like beetles, many fumigants have been made 
These fumigants poison those insects. Carbon 
tetiachloride, methyl bromide and ethylene di- 
bromide are commonly used fumigants. Thus, 
we hope that by successful use of insecticides 
and related compounds, disease among men, 
animals and plants can be controlled, and 
perhaps abolished. Loss of life, as well as des¬ 
truction of food, can be reduced and the battle 
against hunger and disease can be won 

Dangeis oj Insecticides 

It should, however, be noted that most in¬ 
secticides and herbicides can be harmful to men 
and animals if used mdisciiminately. Insecticides 
which persist for a long time are, no doubt, 
useful but they can also cause harm to good 
crops These insectides are capable of destroy¬ 
ing all living insects, some of which are useful 
to plant life Moreover, heavy doses of 
chemicals can cause a disturbance in the 
balance of nature by killing useful life also. 
Therefore, a good insecticide should not stay 
for very long after it has been sprayed It 
should decompose aftei a reasonable penod, 
otherwise it can accumulate and harm the 
soil, and plant life. Great caie and study is, 
therefore, needed for the correct use of these 
insecticides. 

III. Materials in tlie home 

The work of a housewife nowadays is con¬ 
siderably lighter due to the development of 
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chemistry Much o£ the hard work has been 
eliminated trom the household chores by the 
use of aitides made by chemists. For example, 
a safety match lights lire m a few seconds— 
something which took hours in the olden days. 
Gas or electiicity has made cooking quite con¬ 
venient. Utensils do not become duty when put 
on a gas or electiic liie ais they do over a wood 
or coal file Similarly, better cosmetics, tooth¬ 
paste, soap, adhesives, detergents and varnishes 
are now made, these make life comfortable, 
clean and economical 

The cleaning of clothes, rugs, utensils, floors 
and other articles forms a vciy important part 
of household duties The chief cleansing mate¬ 
rial IS soap. It helps to remove stains, dust and 
dirt Soaps are usually sodium salts of natural 
fats or oils. An impoitant propeity responsible 
for the cleansing action of soap is that it lowers 
the suiface tension of water This means that it 
allows the water to spread out over a greasy 
surface, thus, a dirty cloth is thoroughly soaked 
and water comes m close contact with the entire 
greasy surlace. Soap solution loims lather due 
to the lowering of the surface tension of water 
and lather washes out the dirt Further, soap 
eniulsifles salts and fats, the film of grease is 
thus broken up, resulting in the dirt being 
washed away. 

Soaps do not work well in hard water due to 
the formation of insoluble products. Now 
synthetic materials have been made which 
possess cleansing action and work equally well 
in hard water. These materials are known as 
detergents. They are sodium salts of sulphon- 
ated hydrocarbons Two examples of detergents 
are sodium dodecyl sulphate and sodium alkyl 
benzonyl sulphonatc Synthetic detergents are 
prepared dillerently lor specific puiposes, such 
as laundiy, shampoo, cleaning china and glass¬ 
ware, etc. 

A difficulty however arose in the case of 
detergents because, unlike soap, they are not 
decomposed by bacteria If these new detergents 
are used exclusively for a long time, they can 
accumulate and pollute the underground or 
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rivei water. Some European and Ameiican rivers 
have become foamy because of the continuous 
use and disposal of detergents by the people 
there Chemists have now tackled this pioblem 
by making ‘soft detergents’ which are decom¬ 
posed by the action of bacteria. They aie also 
known as bio-degradable detergents and arc 
prepared by using straight-chain hydiocarbons. 
In Geimany, only bio-degradable deteigents aie 
allowed to be manufactured, and the production 
of hard types of detergents (not degradable) has 
been prohibited by law 

Disinfectants 

For cleanliness and better health, dis¬ 
infectants aie needed in the home These 
destroy disease-producing germs and prevent 
the spread of infectious diseases Some of 
these form vapours and attack impuiitles and 
germs m the an. Others are used on the diseased 
part of the body or on other materials. Camphor 
and some oils are used as air disinfectants. 
Potassium permanganate, bleaching powder, 
phenyl, hydrogen peroxide, iodoform, carbolic 
acid and salicylic acid are the commonly used 
disinfectants The process of heating under 
steam piessure, or strong cooling, can also seiwe 
the purpose of disinfecting materials Dis¬ 
infectants are strong chemical compounds and 
so they should be used with care and under 
medical advice. Disinfectant materials should 
be used only in the correct dilution. A higher 
concentration can be harmful to the body 
while a lower concentiation than the required 
one may be ineffective for the purpose of 
disinfection 

Cosmetics 

These are materials used for the care 
of the body In ancient days, natural oils 
and related materials were the commonly used 
cosmetics, e g , oils from sandalwood, seeds and 
flowers Certain pioducts like cornflour were 
also employed. Nowadays, most of the cosmetic 
materiaJs are piepared aitiflcially from minerals 
or petroleum products. Jellies made from petto- 
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leum aie used as gicase. Toilet powder is pre¬ 
pared lioin hydiatcd magnesium silicate and is 
known as talcum Titanium oxide and zinc oxide 
are used in pieparing face powder. Red feme 
oxide IS used foi making rouge, lipstick, etc. 
Cosmetics of infeiior quality can be hairaCul to 
the skin. Only products made by reputed nianu- 
factiiicis should be used Some persons may find 
that certain face powdeis cause iiritation to the 
skin while others do not It is possible that such 
persons may be allergic to certain materials 
present in the powder Another brand may not 
cause such irritation 

Cosmetics do not usually require expensive 
ingredients. The puce often has no relation to 
the cost of cosmetics Usually it is not a guide 
to quality because there may not be any diller- 
ence between an expensive and an inexpensive 
product. Many cosmetics can be prepared at 
home cheaply. 

Blue Black Ink 

Many inks are made from non compounds. 
Iron forms two types of compounds ferrous 
and feme The change of a feme salt to a 
feiious salt is used m making blueprints, while 
the change of feirous to ferric is utilized in the 
making of blue black ink used tor willing 
Ferrous sulphate is added to tannic acid to make 
taiinate solution When this solution is used loi 
wilting, the ferrous iron is changed into dark 
blue feme tannate 

Feirous tannate + oxygen (from air) -> 

ferric tannate (black) 

, There are many types of special inks The 
dhobi’s marking ink is made from a nut known 
as steicuha Coloured inks aie made from 
organic dyes Laundry ink contains silver nitrate 
Punting ink is made from carbon black All 
inks do not contain iron salts 

Stains caused by ink can be removed by the 
use of certain chemicals Oxalic acid, lime juice, 
sour milk or sodium hypochloiide solution arc 
used to remove ink stains from clothes. These 
materials leducc the feme non of the perma¬ 
nent ink into a colourless state To remove a 


stain of printing ink, vaseline is rubbed on it 
This process softens the medium which can now 
be washed with soap or petrol 

Paints 

Paints are made by making pigments in 
some liquid oil Pigments are inoiganic com¬ 
pounds and oils aic pioducts of natural organic 
mattei The most commonly used pigment is 
white lead which is a mixture of lead hydroxide 
and lead carbonate Pb(OH )2 2PbCOj These 
pigments are usually mixed with linseed oil 
Paints usually serve two puiposes They deco¬ 
rate, and they also pievcnt lusling and the 
action ol an and water on materials Normally, 
paints lake a long time to diy To hasten the 
process, some agents aie needed These aic 
known as diyeis Lead oxide and metallic soaps, 
if added in small amounts, act as good dryers 
Dryers change the liquid into a solid by oxida¬ 
tion Sometimes paints aie in a very viscous 
form. Thmneis aie then added to give paint a 
proper consistency Turpentine is the most 
commonly used thinner material Paints can 
be coloured by adding pigments, such as 
chrome yellow, caibon black and Venetian red 
(FcD,) 

Paints made from white lead can turn black 
if the air contains hydrogen sulphide (HjS) 
Lithophonc paints do not turn black. These are 
made by mixing zinc sulphide and barium 
sulphate Titanium dioxide is also used as a 
white pigment and as a base for some coloured 
paints 

Glass 

Glass is a fused mixture of certain silicates 
Since the caihest times, man has known the 
ait of glass making Glass beads have been 
found 111 Egyptian tombs which are 6000 years 
old Glass making as an art was known in 
ancient India It is interesting to note that glass 
is not a true compound. Common glass is made 
from a mixtuie of sand, sodium carbonate and 
calcium carbonate The mixture is heated and 
the molten mass is cooled lapidly The making 
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of glass may be lepi'esentcd by the following 
equation 

Na,CO, + CaCO, + 6SiO, 

Na,0 CaO 6SiO., + 2CO 
(Soda linic glass) 

Diiung idass making, carbon dioxide is set 
ficc Soda lime glass is used in making bottles 
and glass sheets Special glasses are made by 
adding dillercnt metallic oxides or caibonates 
For example, lead oxide is added to make 
electric bulb glass Potassiimi caibonate is used 
for making optical glass Aluminium oxide and 
boric oxide are used for making labouitoiy 
glassware 

Coloured glasses are made by adding small 
amounts of metals or their oxides to the molten 
mass of glass Thus, for getting a blue glass we 
add cobalt oxide. Similarly, cluomic oxide is 
added to get a yellovv-grccn colour Small 
amounts of colloidal gold give a beautiful 
ruby-red glass It is the ions of tlie added metal 
which give colour to the glass 

Glass is a brittle compound and will shatter 
into small pieces when stiuck, The brittleness 
of glass IS dangerous in the case of the wind 
shields of cais, etc Shatter-proof glass has 
however now been made, Two pieces of glass 
aic loined together with an adhesive layer of 
cellulose acetate or some other transpaicnt 
plastic material, and heat and pressure ate 
applied to fuse them togelhei When such a 
glass is struck, it does not bieak into pieces; 
only cracks appear 

Foam glass is a light material It is made by 
heating a mixtuie of crushed glass and carbon 

Glass is widely used in the home and in 
industry Glass bracks arc used m modem build¬ 
ings Glass panes are used in doors Foam glass 
is used widely in ship-building and m making 
buoys and other floatation equipment. Fibrous 
glass 1 .S used for sound, heat and electric 
insulation 

Mirror 

A mirror is a gla.ss plate with a coating 
of a light-reflecting substance, e g, silver. 


gold, aluminium oi lead sulphide Before 
silvciing, (he glass is cleaned and polished It is 
then treated with a solution of foimaldehydc 
or .some othei icducing compound Immediately, 
a solution mixture of silvci niluUc and ammonia 
IS pouted over the glass and left foi about an 
hoiii The silvci mtuite leduces into a thin film 
of metallic silver Ovci this, a protective coating 
of paint is done Sometimes the coating is done 
either by spraying or by condensing the vapouis 
of the material 

IV. Chemicals in industry 

Sulphuiic acid is the most impoUant single 
industrial chemical compound Tlic amount of 
sulphuric acid used in a couiitiy is sometimes 
used as a yardstick of its industnal develop¬ 
ment It is used as a raw maleiial for making 
other acids and a large number of organic and 
inorganic compounds The manufacture of sul- 
plniiic acid often starts with sulphur dioxide 
This IS obtained fiom the toasting of the sul¬ 
phide oies such as the non pyrites and copper 
pyrites mentioned in the discussiori on the ex- 
tiaction of metals For a long time sulphuric 
acid was manufactured by the ‘lead chamber 
piocess’ Sulphur dioxide, steam and the oxygen 
of the air react in a large lead chamber in the 
presence of oxides of nitrogen These nitrogen 
oxides act as catalytic agents The lead chamber- 
process is slow and produces dilute sulphuric 
acid. In advanced countries this process has been 
replaced by the ‘contact process’ In this process, 
sulphur IS fiist burnt in a furnace to get sulphur 
dioxide This is mixed with air and passed 
through a converter to foim sulphur trioxide. 
The converter is a large chamber containing the 
catalytic agent (a mixture of vanadium pent- 
oxide and platinized silica gel). Finally, sulphur 
tiioxide passes through the absorption tower 
where it changes into sulphuric acid 

The contact process is rapid and is practi¬ 
cally automatic However, in India most of the 
sulphuric acid is still manufactured by the 
chamber process. 

Sulphuric acid is needed in producing ferti- 
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ILzers IL is also used in the manufacture of 
metals. The salts of sulphuric acid have many 
uses foi industrial, domestic and medicinal 
puriioses The petroleum industry and the 
synthetic libie and othei industiies use large 
amounts of sulphuric acid 

Petro-chemicals 

Petioleum and natural gases are law mate¬ 
rials for many synthetic products. The natuie 
of petroleum has already been described in the 
chapter on minerals The petroleum industry has 
given rise to a number of by-product industiies. 
Nowadays many products, such as methanol, 
acetic acid, acetone, glycerine, etc., which were 
prepared from natural products like wood by 
fermentation, are being made from petroleum 
products. Most of the insecticides are now made 
from petroleum gases Petro-chemicals are em¬ 
ployed for the manufacture of artificial fibres 
and cloth, celluloid, photogiaphic film, artificial 
leather, synthetic rubber, etc Useful medicines, 
like antibiotics and diuietics foi curing kidney 
and heart troubles, ate being made from the 
by-products of the petroleum industry. 

In India a number of petto-chemical indus¬ 
tiies aie being set up The petroleum refineries 
at Bombay, Visakhapatnam, Assam, and Bihar 
and in South India are giving rise to useful by¬ 
product industries In many big cities, petroleum 
gas (like Indane or Burshanc) is now available 
in cylinders for cooking puiposes 

Mica 

Mica IS composed of a gioup of widely distri¬ 
buted minerals. They are easily split in a single 
diiection and possess great flexibility and 
strength The composition of mica is vanable 
It IS made of complex silicates Mica is found 
in large quantities m Bihai, Andhra Pradesh 
(Nellore) and Rajasthan Mica is transparent 
and resistant to fire Owing to this useful pro¬ 
perty it IS widely used for windows in stoves 
and lanterns, and peep-holes m furnaces. Mica 
is a bad conductor of electricity and so is used 
for insulators m electric gadgets. 


The mining of mica is an impoitant industry 
in India but, unfortunately, scientific methods 
aie not employed and mica is still obtained 
through crude methods Thus a large amount of 
mica is damaged duiing the piocess of mining 
Laigc blocks of mica arc split into sheets and 
cut to size with a sharp knife The larger the 
size of a mica sheet, the greater is its value, 

Cement 

Cement is the most commonly used binding 
material For a long time, cement has been used, 
in one form or the other, in building structures 
The most common form is known as Portland 
cement It is a mixture of calcium silicate and 
calcium ahiminate It is made by heating a 
mixture of graphite, clay and limestone The 
mixture is put in a large, inclined, rotating 
cylindrical kiln Powdered coal, oil or gas is 
heated at the bottom of the kiln The mixture 
slowly flows from the top and meets the flames 
as it comes down Hard masses of cement ate 
formed These are cooled and crushed into a 
fine powder 

5CaCO,-b2HAlSiO, 

=2CaSiO,-(-Ca, (AlO,)-f 5CO,-h H,0 
Cement is a good mortaring and bonding 
material Ordinary lime cannot bond with iron 
whereas cement can bond with iron and stone 
to make reinforced concrete Reinforced con¬ 
crete is superior to concrete as a building mate¬ 
rial, Hence reinforced concrete is widely used in 
making roofs, pillars and foundations of 
structures Modem architecture requires re¬ 
inforcements of special types These can only 
be given by cement When dry cement is mixed 
with water, it hardens in a couple of days 
Special cements are made for specific purposes 
For example, quick-setting cement can harden 
in a few hours White cement is used for deco¬ 
rative purposes on floors and walls 

Graphite 

Graphite is a crystalline form of carbon. It 
possesses lustre and is a good conductor of 
electricity It also possesses lubricating proper¬ 
ties. Modem industry has a large need for 
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graphite Not much graphite is found in nature 
as such, and so most of it is prepared artificial¬ 
ly The piocess of manufacturing graphite is 
known as Acheson’s process 

In AchcsoiTs piocess, anthracite coal is heated 
to a high teinperatuie in an electric furnace 
which is covered with sand. At this high tem¬ 
perature, coal is conveited into graphite This 
process needs a laige amount of electricity and 
can only be profitable if electric power is cheap 

Graphite has many uses in our day-to-day 
life It IS used in making lead pencils (These 
actually do not contain any lead 1 Graphite is 
also used as a lubricant in many industries 
Graphite electrodes aie used m the manufacture 
of aluminium and in electrical furnaces Dry 
batteries also use graphite electrodes. 

Diamond is also a foim of crystalline carbon 
It is the hardest substance known m nature, 
and is used in drilling holes in hard surfaces 
Diamond particles are used m the watch-making 
industry Recently, small diamond pieces have 
been made artificially from graphite at a number 
of laboratories in the USA, Sweden, France 
and the U S S R. 

V. Fuels 

Fuels are the chief source of energy for the 
home and for industry. Fuels can be solid, liquid 
or gaseous Coal is the most important solid 
fuel Petroleum is a liquid fuel while natural 
gas is a gaseous fuel. These fuels have been dealt 
with in the chapter on mmeials The supply 
of fuels in the world is limited For example, 
so much petroleum and its products are being 
used these days that it may be exhausted in less 
than fifty years Attempts have therefore been 
made to piepaie synthetic petrol from coal, 
although the cost of preparing it from this source 
until now has been high. Coal is changed into 
petrol or gasoline, and the process is known 
as coal hydrogenation A simple equation for 
this change can be written in the following 
manner; 

7C+8H,- 

Coal -t- hydrogen->-petroleum gasoline 


In this process, a stream of powdered coal is 
subjected to high heal and pressure in the 
presence of superheated steam and oxygen By 
this treatment, a mixture of carbon monoxide 
and hydrogen is formed This mixture is then 
heated in the presence of a powdered iron 
catalytic agent. By this method, both diesel oil 
and petrol aie prepared This process was first 
introduced in Gemiany by Franz Fischer and 
Hans Tropsch, and is known as the Fischer- 
Tropsch process. During World War IT large 
amounts of synthetic petrol were made in 
Germany when its supply of natural petrol was 
cut oil 

Sometimes alcohol is added to petrol to 
increase its quantity without decreasing its fuel 
value The product is known as power alcohol 

Natural gas is a very useful fuel and occurs 
with petroleum deposits m underground soil It 
chiefly consists of methane (CH,) gas. Large 
amounts of natural gas are used for cooking, 
heating and industrial purposes 

If coal is heated in the absence of air, coal 
gas is produced Like natural gas, this is also 
a useful gaseous fuel and has been used for 
street lighting for a long time Even now, some 
streets in Calcutta are ht by this gas Ceitain 
fuel gases are made by passing air or steam 
over heated coal When air is passed in a limited 
amount on healed carbon, a mixture of carbon 
monoxide and nitrogen is obtained This 
mixture is known as producer gas. Producer gas 
IS a poor quality fuel, but it is widely used due 
to its low cost When steam is passed over super¬ 
heated coal, another fuel gas, known as water 
gas, is obtained This is a mixture of carbon 
monoxide and hydrogen Water gas is extensive¬ 
ly used m steel welding and in other industries 
Although it produces a small flame, the tem¬ 
perature is high 

New Fuels 

During the last 20 years, a new source of 
energy has been discovered by man This is 
popularly called atomic power; more correctly, 
it IS the power obtained from the fission of 
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urauiulii. The powei ot fission of uranium has 
nothing to do with oxygen or burning Pure 
uianium metal, arranged in a geometrical way 
in clean heavy water oi pure graphite, will 
spontaneously lead to the splitting of uianium 
atoms, if the cntiie size of the ariangement is 
increased beyond a certain minimum. When the 
fission of uianium takes place the pure uranium 
rods get hot, and this heat can be extracted and 
used This ariangement of uranium and heavy 
water or graphite (called a reactor) acts there¬ 
fore like a fiunace which converts the energy 
of the fission of uranium into heat. This heat 
IS used for producing electric power at a number 
of places in Japan, Euiopc and America 
In India, a big power house run by atoniie 
energy is being set up at Tarapore near 
Bombay, and a second one at Rana Pratap 
Sagar in Rajasthan Direct production of electri¬ 
city from atomic energy has been tried in some 
artificial satellites by the United States of 
America 

Rocket Fntis 

Recently, many solid and liquid compounds 
have been utilized to propel rockets The science 
of rocketry is developing very fast and it has 
made new demands on fuels Some of the fuels 
used in lockets are hydrazine, nitric acid and 
boion compounds 

VI. Explosives 

Explosives are those substances which are 
capable of exerting sudden pressure on their 
surroundings This pressure is caused as a result 
of the sudden liberation of hot gases or volatile 
substances possessing a large volume. The sub¬ 
stance or substances which make up explosives 
remain unchanged under ordinary conditions 
but undergo a fast chemical change on stimu¬ 
lation The process is exothermic, which means 
that it liberates a large amount of energy The 
energy is usually in the form of heat. As has 
been mentioned earlier, an explosive can be a 
single compound or it can be a mixture of 
substances. 


Explosives may be solids, liquids or gases 
They can undeigo chemical changes by heat, 
burning, an clcctiic spaik oi a mechanical blow 
All explosives undcigo chemical changes when 
heated to a sufficiently higli tcmpeiatiirc Some 
explosives aie made to woik by a sufficiently 
violent mechanical blow, Tlioy can also be 
Ignited by an electric spark Two types of 
actions can take place with explosives One is 
known as clcflagiation, i e , violent burning The 
second is known as detonation, this lesiilts m a 
sudden blast In dcflagiation, the reaction is ac¬ 
companied by a flame but pressure is not 
developed In detonation, the chemical reaction 
spieads like a wave from the point where it 
staits This results in a sudden blast, associated 
with sound. 

Types o/ Explosives 

Gunpowder, the earliest explosive, was first 
made in China more than 1000 years ago For 
a long time it was the only commonly used 
explosive It is a mixture of caibon, sulphur 
and potassium nitrate On Us ignition, tiemen- 
dous volumes of gas and vapours aic produced, 
all at once Gunpowder was mainly used as a 
piopellant in cannons and guns Due to the dis- 
covei y of bettei propellants, it has now become 
obsolete. However, it is still used in flrcwoiks 

Gun-cotton or nitio-cellulose is another 
example of a modern explosive It is prepared 
by making cotton react with a mixture of con¬ 
centrated niliic and sulphuric acids. Actually, 
it is a mixture of di- and tii-nitro-cellulose, 

Nitro-glyceiine is another powerful explosive 
made by the action of mine acid on glycerine 

A Swedish chemist, Alficd Nobel, used nitio- 
glycerine to make dynamite Dynamite is pre¬ 
pared by absorbing mtro-glyccnnc in a fine clay 
known as Kiesclguhr Difieient types of dyna¬ 
mites arc made for specific purposes, such as 
straight dynamite, gelatine dynamite, ammonia 
dynamite and blasting gelatine. Dynamite is 
mainly used in industrial blasting, like blasting 
tunnels, quarries and rocks. Dynamite, being a 
solid, can be used with greater safety than liquid 
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nitio-glycciinc, Nobel earned a fabulous amount 
of money by selling dynamite to the different 
countries of Euiope He dedicated pait ol his 
profits towaids the establishment of a fund for 
giving prizes for outstanding contributions in 
physics, chemistry, medicine, mathematics and 
liteiatuic, and towaids peace These piizes are 
known as the Nobel Prizes 

Timitro-toluone or TNT is a high explosive 
It IS vciy widely used as a piopellant foi bullets, 
artilleiy shells, grenades and othei high ex¬ 
plosive bombs ft IS prepared by the action of 
nitiic acid on toluene TNT is employed as a 
standaid m evaluating the power of other 
explosives 

Explosives are detonated by means of shocks 
These shocks are produced by even moie sensi¬ 
tive compounds known as detonatois Mercuiy 
thiocyanate or lulminate of meicury Hg(CNO) 
IS a widely used detonator. Lead azide, Pb(N3)j, 
IS another detonator Detonators aie used in 
making caps foi shells and other devices 

A huge factory has been set up in Gomia 
(Bihar) to manufactuie mtio-glycermc India is 
now self-sufficient m blasting and other common 
types of explosives. 

Vll. Polymeis 

A new class of compounds known as polymeis 
aie now widely used Polymeis have great 
economic importance these days and this will 
increase m future because of their cheapness, 
variety and vcisatihty. In a way, polymei mole¬ 
cules aie simildi to simple molecules, they are 
built up of repeated units of many small mole¬ 
cules These units of small molecules are held 
togethei by covalent chemical bonds. When the 
number of such repeated units exceeds 100, the 
molecule is known as a polymei. 

All polymers are not man-made In iiatiiic 
we have many examples of polymer molecules. 
For instance, starch, cellulose and pioteins aie 
natural polymeis These consist of laige mole¬ 
cules It may be mtercsLmg to note that cotton, 
silk and ban are examples of very large natiuai 
polymers. Of the plant fibres, cotton is one of 



the most widely used in the manufactuie of 
textiles Cotton fibre is almost puie cellulose 
Its foimiilae can be loughly repiesented as 
(C„Hi„0,), where n is a very large numbci. 
These molecules aie long chains of glucose 
molecules and are bound through oxygen atoms 
in such a manner that they aie roughly m a 
stiaight line Cotton fibie is not aflected by an 
alkali solution but can easily be attacked by 
strong acids When cotton fibres under tension 
are put in a cold concentrated solution of caustic 
soda, they become smooth and shiny Such 
heated cotton is known as merceiized cotton 
The hair of sheep is known as wool Wool 
is made up of protein matciial, and is by far 
the most widely used animal fibie If a wool 
fibie IS observed under a microscope, it appears 
to be circulai oi as having a saw shape. The 
fibre generally coils like a spiing and can Iheic- 
foie be stietchcd easily Wool can dissolve in 
caustic soda solution but it is not easily altackcd 
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by acids Wool textiles are warmer than cotton 
because of their piopeity ol having a large 
numbei of air cushion packings in between the 
wool fibres Air is a bad conductor of heat and 
so It does not allow the heat inside the body 
to get inside the an packings in the wool easily 
Silk fibie is made by caterpillais of an ashy 
white moth which feeds on the leaves of the 
mulberry tree It spins the thread fiom a viscous 
liquid which it squeezes out from its body. By 
scientific methods, the yield and quality of silk 
has been greatly improved. Silk is made up of 
piotein material Natural fibres do not always 
possess all the properties needed by man. 
Therefore, for a long time people made an 
effort to artificially make fibres resembling silk. 
In the nineteenth century, a Frenchman by the 
name of Chaidoniiat found out a method for 
making artificial silk. He fiist prepared a 
solution of a cellulose compound in vinegar 
Then this solution was forced to pass through 
small holes into a tank of alcohol. By this 
unusual process, long and thin flbies could be 
made, these were called artificial silk. This 
process marked the birth of the man-made 
textiles industry Moie than thirty different 
countries manufacture artificial textiles today. 
Cellulose produced in this way is known as 
rayon. Nowadays, aitificial silk is made by 
seveial methods Cellulose is obtained from 
trees, bark or low quality cotton This is dis¬ 
solved in various solvents like carbon disulphide 
(CSa), etc. The solution is forced through holes 
into an acid bath winch consists of sulphuric 
acid and sodium sulphate. The solution at once 
changes into a thin solid filament These fila¬ 
ments are twisted into thread by revolving 
spindles By this process, not only fibres but 
also sheets of rayon can be made 
However, rayon is not a completely synthetic 
fibre. It IS made from dissolved cellulose which 
IS a natural product and a very complex orgamc 
molecule Scientists have been trying to make 
a completely synthetic fibre. In 1939, the 
American chemical company, E I. du Pont, 
announced that they had succeeded m making 


a fully synthetic fibre from petroleum, coal, an 
and water. This fibre was named nylon Nylon 
IS stionger and nioie elastic and less affected 
by water than silk or other natural fibres Nylon 
is made fiom two simple molecules ■ hexa- 
methylene diamine, NH^fCHalo NH, and adipic 
acid, HOOC (CHJi COOH. These two com¬ 
pounds can be combined to form long-repeating 
units of two simple molecules The product is 
known as nylon polymci. In the beginning it is 
obtained as a tlnck mass This is then forced 
through tiny holes to form nylon fibre The pro¬ 
duction of nylon resulted m a minor levolution 
in the textile and hosiery market since it had 
better properties than natural silk In the 
beginning, it was mostly used loi making 
hosiery for women Later on, it came to be used 
for making shuts, dresses and other apparel 
Today many other synthetic fibics arc being 
produced They have pioperlies similar to those 
of nylon, but have different trade names. 

One such fibre is made from the units of a 
small molecule known as acrylomtiile. The raw 
mateiials needed for this fibre are natural gas, 
ammonia and air. The common trade name for 
this fibie IS oilon Another fibre, dacron, is 
made from two chemicals obtained from ciude 
petroleum. These chemicals are ethylene glycol 
and leiephthahc acid Dacron has a stiong 
texture. It resists water and dries quickly 
Clothes made from dacron need very little iron¬ 
ing. Teiylene is another name foi this fibre 
Many other fibres have been made, with a few 
inmor changes, from those described above. 
The U.S.A IS the biggest manufacturei of 
synthetic fibies. Almost all European coun¬ 
tries have big synthetic fibre industiies Japan 
is one of the largest manufacturers of synthetic 
fibres. 

Polymers made from simple oiganic com¬ 
pounds like hydrocarbons are being used as 
substitutes not only for fibres but also for other 
materials of day-to-day use, such as glass, 
metals, rugs, etc. Moulded objects and house¬ 
hold utensils are being made in very large 
amounts from a compound called polyethylene. 
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Polyethylene has replaced many common mate¬ 
rials For example, rubbei was used for a very 
long time for making tubes, as it has clastic 
properties But nowadays more and more tubes 
aic being made of polyethylene These tubes 
have better propcities and last much longer than 
the ordinary rubber tubes, A polyethylene tube 
can even be transparent, so that we know the 
substance that is flowing inside it Polyethylene 
tubes are chemically inert and do not crack 
easily; this makes them moie useful in scientific 
laboratories They have vaiious trade names, 
such as tygon, polythene, etc 

Today a great change has come in the art of 
interior decoration. Foi a long time rugs and 
other jute materials were used as floor covciings. 
But these days synthetic materials which are 
commonly known as polyvinyls arc being manu¬ 
factured and used for this purpose These raate- 
iials are made from unsaturated simple hydro¬ 
carbons, such as vinyl acetate, acrylonitrile and 
styrene. Polymers make very good floor cover¬ 
ings They can be given beautiful colours and 
so have a decorative value Moreover, they can 
be easily washed with water and soap or wiped 
with a moist cloth or soap solution 

Plastics 

Plastics is a general name for a large group 
of substances These substances can have 
different oiigins, but they have a common pro¬ 
perty: they can be given permanent shapes 
These shapes may be given by a number of 
methods, such as heat, or pressure, or both. For 
a long time celluloid was the only commonly 
used plastic material This was made by the 
action of nitric acid on cellulose. Cellulose is a 
natural product and has already been described 
earlier. By the action of nitric acid, it changes 
into mtro-ccllulose. Nitro-cellulose has been 
used as a plastic material. Similarly, other types 
of cellulose, such as cellulose acetate or ethyl 
cellulose, can also make plastic material. For a 
long time Japan was the chief manufacturer of 
celluloid. However, celluloid is not a completely 
synthetic material. 

19 


Plastic materials arc now prepared fiom 
simple oiganic compounds Thus they are com- 
pletely synthetic materials For example, bake- 
lile IS a polymer product of phenol and 
foimaldehidc We often see household utensils, 
decorative pieces and toys made of bakelitc 
Another such material is vinyhte It is a polymei 
product of vinyle derivatives. Polystyrene poly¬ 
mers aie made fiom styiene These aic com¬ 
monly known as styron 

Plastics are usually not affected by ordinary 
chemicals Even chemicals which affect metals 
and alloys have little or no effect on plastics 
Transparent plastics are good substitutes foi 
glass but then transparency decreases slowly 
with time If used for a long period, they do 
not look so clean Chemists are trying to make 
better plastics which may look as good as 
glass 

Rubber 

Rubber is so very commonly used that most 
of us do not ever think about how we get it 
In the home, we use rubber as floor coverings, 
as waterproof material, and for a number of 
samtaiy purposes In factories, rubber gloves 
are a common sight. In India, rubber shoes arc 
very useful. Rubber tyres are an essential part 
of any moving vehicle Students use rubbei 
erasers It would be difficult to enumerate all 
the uses of rubber It is one of the essentials of 
our industrial age But rubber has to undergo 
many changes before it comes to us as a finished 
product Rubber is a plant product, and Malaya 
has the largest number of rubber plantations. In 
India, Kerala has some rubber plantations New 
plantations of rubber are now being introduced 
in the Andaman and Nicobar islands When a 
cut IS made m the trunk of a rubber tree, the 
sap comes out, this is known as latex. A 
molecule of latex rubber is made up of 
thousands of small molecules of a colouiless 
liquid known as isoprene These molecules are 
joined together in such a way that a single 
molecule of very great length is made. We can 
say that tlie molecule is built up as a chain. 
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Raw rubbci is soft and sticky When it is 
heated, it becomes still softer It has little 
stiength and is not durable Rubber in the raw 
state IS not suited for making materials which 
are subjected to wear and tear However, when 
sulphur and rubber are mixed and the resulting 
mixtiue IS heated, lubbcr changes its properties 
and becomes hard and elastic This process is 
known as vulcanization In this process, the long 
chains of rubber molecules are connected to one 
anothci at a number of places through sulphur 
atoms. 

Small amounts of other substances are added 
at the time of vulcanization, such as carbon 
black, zinc oxide, lead oxide, and calcium 
and magnesium carbonates. By changing the 
amounts of these materials, dillerent types of 
rubbers can be made By this method, lubber 
with any desired set of properties can be 
prepared. 

Synthetic Rubber 

Rubber plants can only be grown at certain 
places in the world. Countries not producing 
rubber naturally depend on the supply of rubber 
from these souices In an emergency situation 
like a war, such supplies can be cut oil Tins 
actually happened during Woild War I and 
World War II. Therefore, many countiies tried 
to make materials possessing the properties of 
rubber For example, during World War I, the 
Germans made a rubber substitute known as 
buna Later on another substitute was made in 
America, this was known as neoprene. Neoprene 
was prepared from a compound known as 
chloroprene (Cj H, Cl). The structure and pro¬ 
perties ot neoprene aie like those of natural 


rubber During World Wai 11, a rubber substi¬ 
tute was made in the U S A , known as buna-S. 
Buna-S rubber was prepared by polymeuzing a 
mixture of styrene and butadiene Another 
substitute IS known as butyl rubbei It is made 
from isobutylene and isoprene at low tem¬ 
perature 

When World War II ended, the supply of 
natural rubber was resumed from Malaya. 
People thought that the synthetic rubber 
industry would not piosper because of com¬ 
petition from the cheap natural rubber But this 
did not happen On the contrary, synthetic 
rubbei production continued to increase For 
certain types of use, synthetic rubbers are better 
than the natural rubbers They are less affected 
by chemical changes than natural rubber And 
chemists aie now making even more pioducts 
which possess the required properties. Although 
the rubber tree is still the chief supplier of 
rubbei, the synthetic rubber industry is here to 
stay 

The manufacture of synthetic lubber has now 
been started in India A large synthetic rubbei 
plant IS in operation near Bareilly in Uttai 
Pradesh It produces over 20,000 tons of synthe¬ 
tic rubber per year The raw material for 
making rubber is the alcohol obtained from the 
molasses which are found in large amounts in 
the sugar mills of that area Importing an 
equivalent quantity of synthetic rubber from 
foieign countries would have cost India nearly 
Rs. 5 croies of foreign exchange, this money is 
now being saved by the production of synthetic 
rubber in this factory. Another synthetic 
rubber factory is under construction near 
Bombay 
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From time immemonal men have gazed at 
stars and have tried to study them The study 
of stars IS called astronomy and can be roughly 
divided into (a) Astiometry, the study of the 
positions and motions of the stars as well as 
other heavenly bodies, and (/;) Astrophysics, 
the study of the structure, constitution and 
development of these celestial bodies, The solar 
system which we mentioned earlier is com- 
paiatively near, and easier to study If we think 
of the sun, our nearest star, as being about one 
metre in diametei (actual diameter. 1,370,000 
km/860,000 miles), the earth is about 11 metres 
away, Pluto, the farthest planet, is nearly 
3 kilometres away, and the distance to the 
nearest star is about 25,000 kilometres The dis¬ 
tances are so vast that it is quite difficult to 
comprehend them Kilometres or miles are 
inconvenient units for such vast distances Astro¬ 
nomers therefore use other units of distance 
One of these units is the light year (1 light year= 
300,000x 365x24x3600 km=9.5xlO'= km) 
or the distance travelled by light in one year 

The celestial bodies, such as stais, planets, 
the sun, or nebulae are far away Our method of 
study IS to obseive the light that comes from 
these bodies, with the help of instruments ’ Of 

' This is no longer strictly true o£ the moon and 
the planets, Venus and Mars Scientists, mainly in the 
USA and the USSR, are attempting to study 
these bodies by unmanned instiuments, and later 
possibly by manned instruments, from rockets sent 
thiough space to these bodies or near them. 


these instruments, the most important is the 
telescope Telescopes made of minors and 
lenses have been m use for 300 years. The light- 
gathering power of a telescope depends largely 
on its diameter which defines, very often, the 
size of a telescope The amount of light that a 
telescope can gather defines its ability to ‘see’ 
faint objects Telescopes arc mounted in various 
ways, so that they can follow the stats that are 
being observed. Modern telescopes are mostly 
used to take a photogiaphic record of the skies 
The time required foi exposure ranges fiom 
a few minutes to several hours Due to the 
motion of the earth, the stars seem to us to be 
moving If the telescope is not moved, so as to 
keep the image of the star m the same position 
on the photographic plate, the exposure appears 
as a blur or a streak, on developing, and not as 
a dot The telescope locates the position of a 
star and its brightness (or the amount of light 
that we receive from it) The light from a star 
can also be estimated by using a photometer 
The quality of the light also tells us a great 
deal about the star The light from a star, con¬ 
centrated by a telescope, can be passed through 
a spectroscope (a light analyser) to find out the 
spectrum or the analysis of the star’s light The 
spectrum can be interpreted to tell us some¬ 
thing about the temperature and the elements 
present on the surface of the star It can also 
tell us if the star is moving away from us or 
coming towards us. 

There are, however, limitations in the deduc- 
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tions LliaL can be made from these observations. 

A star 01 our sun emits radiations over the 
whole umgc of the electromagnetic waves, from 
the longest to the shortest In the long wave 
length legion, our sun radiates elcctiomagnetic 
waves somewhat like a gioup of transmitteis 
covering a large range of wave lengths, from 
scveial metres to a fraction of a millimeter. The 
sun and the stars emit heat, light and ultra¬ 
violet radiations of increasingly shortei wave 
lengths, down to the legion of X-rays Most of 
these radiations, however, cannot reach the 
EUifacc of the earth through the atmosphere. 
Most of the ultra-violet rays and X-rays are 
absorbed by the atmosphere, allowing visible 
light and a small amount of ultra-violet radia¬ 
tion (up to 2000° A) to pass through the 
atmosphere to our instruments In the long 
wave length region below light, the atmosphere 
absoibs a large part of the heat radiation and 
some of the radio waves. The atmosphere how¬ 
ever is fairly transparent to ladio waves There 
is a layer of ionised gas above the atmosphere, 
called the lonospheie, which reflects radio 
waves quite easily, allowing only lather short 
waves, of about one metre wave length and 
below, to pass tliiough This allows us to 
observe these radio waves from stars by means 
of receiving systems called radio telescopes 
The radio telescope is less than thirty years old 
—a comparatively recent invention The radio 
telescope looks at stars and celestial object’s 
from a different set of wave lengths than the 
optical telescope The two instiuments are 
often thought of as looking at the sky through 
different windows, enabling us to get two views 
of the same celestial objects. Although a recent 
tool which has been m vigorous use for Ic.ss 
than twenty years, as compared to the 300 yeais 
of the telescope, the radio telescope has helped 
us to discover new objects and to change our 
views about some of the well-known objects in 
the sky The ability of a telescope—optical or 
radio—to ‘see’ faint objects depends on the 
‘light (or radiation) gathering’ power of the 
telescope. This is roughly the area of the 
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primary radiation gathering system In a reflect¬ 
ing telescope, the area of the parabolic reflector 
determines ‘the size of the telescope’ The 
diameter of the parabolic miiror of the tele¬ 
scope at Mt Palomai, the biggest optical tele¬ 
scope of today, is 200 inches This telescope can 
sec an object which is 400,000 times fainter 
than the faintest object that can be seen with 
the aveiage unaided eye. Through a 20-inch 
telescope, we will be able to observe objects 
which are 4000 times fainter than the limit of 
human vision A 200-inch telescope observes 
objects which are 100 times fainter than those 
seen by the 20-mch telescope Radio telescopes 
are tremendously laige in size, their diameters 
are often measured in metres whereas the dia¬ 
meters of the ordmaiy telescopes aie measured 
m inches or centimetres The reasons foi the 
large size of the radio telescope are: {a) tlie 
electronic instruments which detect these lower 
frequency electromagnetic radiations collected 
by radio telescopes are not as sensitive as 'the eye 
or the photographic plate, {b) since the wave 
lengths are many times larger, the collecting 
system has to be correspondingly large to avoid 
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diffraction and interference effects. Recently 
artificial satellites put into orbits outside the 
atmospbeie have excited astronomers with the 
possibility that these satellites could be used as 
astionomical observatoiies outside the blanket 
of the earth’s atmosphere When this comes 
about It will be possible for scientists to make 
observations in all regions of the optical spectra 
now cut out by the atmosphere, and particu¬ 
larly in the ultra-violet and intra-red regions of 
the optical spectrum The iiltia-violct regions of 
the optical spectrum of the stars are of particular 
interest, they not only piovidc additional in¬ 
formation, but are also expected to answer some 
of the outstanding questions of astronomy, 
cosmology and astrophysics 
The sun is easy to study We depend on the 
sun, diiectly as well as indirectly, for energy, 
light, heat and even life itself The study of the 
sun’s suifacc places its tcmpeialuro at about 
6000°C Its diameter is 860,000 miles (1 3 
million km) and it has an average density which 
IS one and a half times that of water The density 
however varies greatly fiom the extremely rare¬ 
fied gases at the exteiior to the intensely com¬ 
pressed gases at high temperatures in the interior 
The spectrum of the sun tells us that it is mostly 
composed of hydrogen, but almost all the well- 
known elements on eaith arc present in the sun 
Some of these elements aie present in a highly 
ionised state The temperature and piessurc of 
the central part of the sun can be calculated 
from a knowledge oi the surface temperature 
and the conductivity of the gases that consti¬ 
tute the sun Since all gases at high tempera¬ 
ture display very similar behavioui, it is 
possible to deduce that the central pail of the 
sun is at tempeiature of about 20,000,000°C 
Under these conditions, the atoms will be 
stripped of most of then electrons and the 
kinetic energy of thcimal motion will be equi¬ 
valent to that derived from acceleration by 
thousands of volts. At these high energies, and 
because of the crowding of the nuclei at the 
tremendous central pressures, there will be many 
moving collisions between the hydrogen atom 
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nuclei and the various other atomic nuclei in 
the region of the sun Two scientists, Hans 
Bethe and Carl von Weizsacker. proposed a 
certain cycle of nuclear reactions due to these 
collisions, which convert hydrogen into helium 
and in the process yield a large amount of 
energy According to theii theory, four 
hydrogen atom nuclei are converted into one 
helium atom nuclei in several successive stages, 
and m the process yield energy in the form of 
radiation Caibon and nitrogen are the only 
other elements necessary for the operation of 
this cycle, and they are not m any way altered. 
This suggested senes of reactions is generally 
accepted not only in the case of the sun but in 
a large majority of stars also as the source of 
their tremendous energies The sun, and prob¬ 
ably most of the stars that we see, obtain their 
tremendous energies in the process of trans¬ 
forming hydrogen into helium in their inteiior 
regions. This process takes place very slowly 
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and explains why the sun (and, possibly, most 
of the stais) remain at more or less the same 
temperature, radiating roughly the same amount 
of energy for millions of years The evidence 
gathered from the surface of the earth tells 
us that the earth’s temperature has not changed 
very much dunng the last thiee or four hundred 
million years, possibly longer This means that 
the tempeiature of the sun has not changed 
appreciably during this period of scveial 
hundred million years It has been calculated 
that the transformation of hydrogen to helium 
can keep the sun at about the same tempera¬ 
ture for over 10,000 million years At this rate, 
about 4 million tons of solar matter is being 
converted into eneigy every second to keep up 
this radiation. 

The sun radiates energy in a large range of 
wave lengths, and in large amounts The total 
energy received by the earth from the sun is 
much less than one hundred-millionth of that 
radiated by the sun This energy is distributed 
over a large range of wave lengths The total 
energy received per square centimetre of the 
earth’s suiface is 194 gramme calories per 
minute This enables us to estimate the surface 
temperature of the sun to be around 6000°C 

The sun however does not have a uniformly 
hot surface Looking at the surface of the sun 
through very dark glasses, even with the naked 
eye one can distinguish small areas or spots 
which look dark in comparison with the rest 
of the surface These are called sunspots They 
appear in many sizes and shapes Their inten¬ 
sities vary, and sometimes they appear or dis¬ 
appear. Careful studies have shown that these 
areas of violent motion are perhaps somewhat 
cooler than the neighbouring areas of the sun 
The storms in the area of these sunspots are 
gigantic Several phenomena, such as strong 
magnetic fields and the ejection of electrons 
and atomic nuclei of hydrogen and of some of 
the light atoms, take place in these In India, the 
study of the sun is earned out at the Kodai- 
kanal and Nainital Obseiwatories. 

The moon is the nearest celestial body to 
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the earth (380,000 km) The dark markings on 
the moon, observed through a telescope or even 
high-power binoculais, reveal that there are 
hills, craters, valleys, cracks and depressions on 
the lunar surface Photographs taken from 
short distances by the rockets sent to the moon 
have revealed in greater detail the nature of 
the lunar surface There is no lunar atmosphere 
at all and the surface gets very hot under direct 
sunlight When the lunar surface is completely 
on the dark side, it becomes very cold (less 
than -200"C) These extreme temperatures and 
the absence of air would make the moon an un¬ 
comfortable place to live in. However, as there 
has been no air or atmosphere, very few changes 
have taken place in the lunar surface since it 
was first formed, except for meteors which have 
crashed on the moon at various times. 
Scientists, therefore, are inclined to think that 
a close examination of lunar geology and 
mineralogy can tell us something about the 
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conditions under which the moon, and perhaps 
the earth, was created 

Next to the sun and moon, the brightest 
object in the sky is the planet Venus, often 
called the morning star or the evening star It 
IS seen just after sunset in the western sky or 
before sunrise in the eastern sky. Venus is the 
nearest planet to the earth. Jupiter is the largest 


among the planets and has a mass 1047 times 
smaller than that of the sun The surface tempe- 
ratiiies of these planets arc small and vary 
considerably Mercury lias a tempcratuie of 
410‘’C. Venus, 80°C; and Earth, 25°C The 
temperature decieascs as we go to the other 
planets The planets are daik bodies and reflect 
light from the sun The ariangement of planets, 
their size, and distance from the sun aie shown 
in Table 6 1 below 

We do not know whether othei stais have 
then own planetary systems. It does seem likely 
that amongst the millions of stars, some may 
have planetary systems not unlike ours. The 
planets in the solai system move round the sun 
at different speeds The nearer planets move 
faster than the more distant ones 

Stars vary m brightness Some are easily 
seen; others are just visible with the naked eye, 
while yet others can only be seen with tele¬ 
scopes The brightness of a star depends on its 
intrinsic brightness or the amount of light it 
radiates per unit surface area The brightest star 
in the heavens is Sinus But there are faintei 
stars which will look brighter if placed at the 
same distance from the earth as Sinus. 

The light radiating from a star may be 
reddish, yellowish or bluish, depending on how 
hot the star is Spectroscopes are used to deter¬ 
mine the colour of stars where the eye ceases 
to be reliable guide When the spectra of two 
or more stars are similar, the astronomer knows 


TABLE 6.1 


1 


2 

3 

4 

5 


Distance I'lom 
the sun (in 
million 

Mercury 

Venus 

Earth 

Mars 

miles) 

Diameter 

36.0 

67 2 

92 9 

1417 

(in miles) 

Volume 

3100 

7700 

7900 

4216 

(Earth = 1) 

0 06 

0 92 

1 00 

0 IS 

Mass (Earth = 1) 
Surface tempe¬ 

0 04 

0 81 

1 00 

0 11 

rature (in °C) 

410° 

120° 

25° 

0° 


Jupitei 

Saturn 

Uranus 

Neptune 

Pluto 

483 3 

886 

1782 

2792 

3671 

88700 

75100 

32000 

27600 

3700 

1 312 

734 

64 

42 

0 1 

317 

94.9 

14 7 

17 2 

0 1 

-138° 

-153° 

-185° 

o 

o 

1 

-211° 
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that their temperatures are also same The 
nature of the spectra docs not depend on the 
distances of the stars. The stars, Vega and 
Sinus, show similai spectra and aie at the 
same temperature though their distances from 
the earth arc diherent Stars arc classified in 
order of their temperature and colour There 
are orange oi red stars, placed in Class M, with 
a tempeiature of about 3000 °C, The orange 
stars of Class K have a temperature of 4000“C 
Stars of Class G, to which the sun belongs, 
have a pale yellow colour, with a temperature 
of 6000 °C Yellow stars of Class F have a 
surface temperature of VOGO^C. The A Class 
stars like Vega and Sinus are white and have a 
surface temperature of about 10,000'’C. 

The B Class stars are bluish white and he in 
the range of nearly 20,000°C The hottest stars 
are in Class O, these look bluish and have a 
surface temperature of about 50,000'’C. 

Most of the stars of a certain type are 
roughly of the same size and emit the same 
amount of light. This is used to determine their 
relative distances 

Variable stars 

Two stars, when quite near each other, may 
not be identified as separate stars and appear 
as a single star They may be two stars revolv¬ 
ing about one another. They are called ‘binary 
stars’ One star may pass in front of the other, 
causing the light from the twin stars to vary 
in biightness Such binary stars are fairly easy 
to identify and study 

There are certain stars which cannot be 
classified m this geneial way. Some of them 
show variations from these general rules A 
group of stars, due to some internal occurrence, 
show fluctuations in their brightness This is a 
phenomenon which we still do not understand. 
These stars are divided into three classes: 
ccpheids, long period variables and iiTegular 
variables Ccpheids are giant stars, visible to 
the naked eye; their period of vanation is from 
1^ to 50 days. Scientists think that they expand 
and contract rhythmically causing variation 


in brightness and teraperatuie Long period 
variables are red-coloured giant stars with low 
temperatures Their periods of variation of 
luiiiinosity are not regular and vary from a 100 
to about 600 days Ii regular variables aie giant 
stars with an irregular period 

Novae 

Another class of stais are called novae or 
tcmpoiaiy stars. These stars are generally too 
faint to be noticed, however, they suddenly 
become quite bright as if some sort of a giant 
explosion had taken place in the stai They then 
start to dimmish in intensity, becoming 
gradually fainter 

The Galaxy 

Stars are not uniformly distributed but they 
seem to move in certain regions of space rather 
than in others In fact, a system of a large 
number of stars of which our sun is one, seems 
to be whirling around m space in the form of 
a large extended disc. The Milky Way or 
Galaxy that we see in the sky as a whitish and 
irregular band is the view of the disc from oui 
position within this galaxy Our galaxy is a 
flattened, disc-like system, which spins like a 
pm-wheel and has a dense accumulation of 
stars at the centre The spiral arms contain 
some bright and massive stars as well as clouds 
of gas and dust. We see the bright stars by 
noting them m relation to their position in the 
Milky Way. The Milky Way is a vast collec¬ 
tion of nearly 150,000 rmllion stars. The galaxy 
is so vast that light travelling with a velocity 
of 3x lO’ km/sec will take 10'' years to cross 
the entire disc from one end to the other The 
distance of the sun from the galactic centre is 
30,000 light years Jhc sun moves round the 
galactic centre and takes nearly 250 million 
yeais to complete one orbit, this is called one 
cosmic year 

Nebulae 

Through a telescope we can see bodies 
similar to the one shown in Figure 6,5 They 
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Fig 6 5 Spual nebulae 


are called spiral nebulae. They are galaxies 
other than our own and each one of them is 
composed ot millions of stars Spiral nebulae 
also contain clouds and clusters of stars Some 
of the spiral nebulae arc very well defined, 
with two spiralling arms; others may be some¬ 
what diffuse The nebulae show various differ¬ 
ences from one another Some may be ellip¬ 
soidal or spiral or even very open and irregular 
spirals They are of various sizes and structures 
There are also nebulae of irregulai shape 
Occasionally, two or three spiral nebulae may 
be found close together 

The spectral lines of hydrogen or other 
elements emitted from the spiral nebulae are 
observed to be shifted towards the longer 
wave lengths, i e, towards the red side of the 
spectrum. The shift is quite prominent It is 
explained by assuming that the nebulae are 
moving away at a high velocity from our 
galaxy. Since all the spiral nebulae show the 
led shift, one assumes that they are all running 
away from each other. This is the same as say¬ 
ing that the universe is expanding like a bubble 
of gas 

Astronomy in everyday life 

Astronomy is not only a fascinating subject 
today. It has been fascinating to our forefathers 
too, and will remain so, as long as civilization 
exists The early astronomers noticed that the 
20 


relative positions of the stais remain fixed, 
although they all rise in the cast and set in the 
west The moon, the planets and the sun, 
however, change their positions with respect to 
the background of the stais The legularity of 
the position of the sun and the moon amongst 
the stars became a method of reckoning tune 
The tune inteival between successive sunrises is 
our day It is fairly constant, although it does 
undergo seasonal variations 

Between one full moon (or new moon) to the 
next IS another time interval which is also 
faiily constant, it is nearly 29 days (or almost 
a month). Our seasons are related to the 
position of the sun at noon, which is the 
maximum altitude of the sun In a very broad 
sense, there is a cyclic variation of climate, 
from cool to waim and back to cool, during a 
fairly definite period of time (the year) These 
well-defined periods of day and year are respec¬ 
tively related to the rotation of the earth on its 
axis and the revolution of the earth around the 
sun Since the stars are relatively fixed, the time 
interval between the consecutive transits of a 
star over the observer’s meridian is called the 
sidereal day The consecutive transits of the 
sun define the solar day, which differs slightly 
from the length of the sidereal day, taking four 
minutes longer Since the length of the solar 
day vanes from season to season, a mean solar 
day is also defined. The sidereal day is, how- 
evei, more exact and is divided into smaller 
divisions such as hours, minutes and seconds 
The earth completes one revolution round the 
sun in one year or, rather, in nearly 365 25 
sidereal days Although the sidereal day is not 
exactly constant, due to irregularities in the 
earth’s rotational motion, it is still the basic 
unit as it remains almost constant over long 
time intervals. Scientists have developed very 
accurate clocks like the ‘quartz clock’ and the 
cven"niore accurate ‘atomic clocks’ These are 
now related to the sidereal time However, 
since these clocks are very accurate, irregula¬ 
rities of the earth’s motion (sidereal motion) 
can be detected and observed by comparing 
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Sidereal time with the time kept by these 
accuiate clocks 

One o[ the important early uses of the study 
of the stars was the development of the 
calendai The solar calendar m common use is 
based on the motion of the earth around the 
sun, which takes about 365^ days To enable 
us to work conveniently the year is made up 
of 365 days, except for every fourth year, the 
leap ycai, which is given 366 days This keeps 
the average year at a constant value of 365J 
days The Saura Saka calendar of our country 
and the Gregorian calendar now used all over 
Europe are examples of the solar calendar 
Lunar calendars are also m use, such as the 
Hizn and the Vikram calendars. However, as 


these are based on the lunar month they cannot 
remain m tune with the seasons Festivals 
based on the lunar calendar tend to change 
their place m tlie year and occur m different 
seasons 

Another important use of astronomy from 
the caihest times to the present day is m navi¬ 
gation A given star, at a given time in a given 
place (that is, for a given observer), is in a fixed 
position m the sky relative to the horizon 
Conversely, if at any given time, the position 
of a given star is measured with respect to the 
horizon, an observer can locate his own posi¬ 
tion This is the basis for using stars in the 
navigation ol ships, aeroplanes and even space 
craft 




